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Appendix 2-A

Beach Accretion in The Waukegan Area

Introduction

Beach accretion is caused by deposition of lake-transported sediments In the Waukegan area, this
process has been occurring since the end of the last glaciation. To the north of Waukegan Harbor
is the Illinois Beach State Park, whose beach accretion has led to the formation of numerous
ridges and dunes, dating back to about 3,000 years ago (Attachment 2-A-1). These ridges can be
seen on the 1939 air photo of the Waukegan area (Figure 2-A-1). To the north end of the air
photo, the linear beach ridges of the park can be seen. These same linear features can be seen
extending into the Waukegan Harbor area, even though the surface has been disturbed by human

activities.

Natural beach accretion in the Waukegan area is caused by the longshore currents and wave
action along the beach. Most rapid beach accretions are caused by the depletion of southward
moving sediments associated with northeast winds. These winds cover long open water distances
and consequently produce larger waves. Depending on wind direction, storms can build or erode
the beach north of Waukegan Harbor. The beach formation mechanisms documented at the
Illinois Beach State Park are also responsible for ongoing beach growth in the Waukegan Harbor

area.

Waukegan Harbor

At Waukegan Harbor, beach accretion is accelerated by constructed breakwaters. The north and
south breakwaters forming the entrance of Waukegan Harbor were constructed between 1883 and
1885. Within five years, the harbor and two slips were constructed. A breakwater north of the
harbor was constructed into Lake Michigan between 1900 and 1904. Construction of the harbor
entrance breakwaters and subsequent breakwaters north of the harbor produced a barrier to

longshore sediment transport in Lake Michigan.

The longshore current causes sediment within the lake to migrate from north to south along the
lake shore, in a zone referred to as the littoral drift or the longshore current zone. The littoral
drift zone generally occurs along the shore within areas with water depths up to approximately

6 meters (20 feet). A barrier placed in the littoral drift zone prevents sediment migration and
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causes an accumulation of sediments. As a result of this accretion, the beach front advances in the

lakeward direction. As the beach front migrates lakeward, the littoral drift zone also shifts.

Shoreline position was traced from aerial photographs of the Waukegan Harbor area for the
following dates: July 20, 1939, July 1, 1954, March 28, 1959, September 18, 1961, October 20,
1967, October 10, 1974, November 7, 1981, and April 12, 1988. The Lake County survey map was
used to measure the shoreline position for 1861, and a U.S. Army Corps of Engineers map was
used for shoreline position measurement in 1908. These measurements provide the location of the
shoreline at various times, from prior to construction of the breakwater piers up to the present
time. The aerial photographs were brought to a constant scale (1"= 500"), and the shoreline

location was referenced to unchanging features on the photographs.

The shoreline remained in a relatively limited zone from 1939 to 1974, as shown on Figure 2-A-2.
Between 1939 and 1954, a net beach erosion is indicated by a receding shoreline. However, during

the 1970s and 1980s, the shoreline grew by almost 300 feet
Beach Cross Section

Sand and sediment deposits within the littoral drift zone of the Waukegan Harbor area were
investigated as part of a study by Shabica and Pranschke (1993). The study showed that sediment
deposits in the littoral drift zone are thickest in the Waukegan Harbor area. The report suggests
that breakwater piers, such as those used at the harbor in Waukegan, have a significant effect on

the deposition of littoral drift sediments causing beach accretion.

The data from the above-referenced study and from borings placed on the peninsula were used to
prepare a cross section showing the stratigraphy of Waukegan Harbor, extending beiow the lake
surface (Figure 2-A-3). Average annual lake water levels for each year that beach positions were
measured have also been plotted on the cross section. These annual lake level elevations were

taken from the Michigan-Huron Hydrograph Home Page, USACE Detroit GLHHB (Figure 2-A-4).
Groundwater Hydraulics

The position of the beach front affects the location of groundwater discharge from the Waukegan

Harbor peninsula to Lake Michigan. Groundwater modeling of the Waukegan Harbor peninsula

shows that groundwater discharges to the lake within approximately the first 250 feet of the
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lakeshore, as discussed in Appendix 2-C. As the shoreline moves, the location of the groundwater

discharge to the lake shifts as well.

Two important long-term influences on the groundwater discharge location are beach accretion and
lake level changes. Beach accretion was explained and documented above. The long-term record
of Lake Michigan water levels is provided in Figure 2-A-4 (elevations in International Great Lakes
Datum, 1985). Lake levels have risen and fallen over a range of about 6 feet during the period of
record. Given the shallow lake bottom slope 1n Waukegan (about 100 horizontal to 1 vertical),

even a small lake level change can move the shoreline by a significant distance.

A conceptual illustration of the combined effects of beach accretion and lake level changes on the
groundwater discharge location is shown on Figure 2-A-5. The discharge zones are delineated for
the lower 8 feet of the surficial groundwater zone. These results show a current discharge zone

within approximately 250 feet from the shoreline.

In addition to long-term water level changes in Lake Michigan, there is an annual cycle of rise and
fall over about 1 foot, along with short-term changes due to weather and seiches. These annual
and short-term variations cause small fluctuations in the shoreline. The corresponding
groundwater discharge zone shifts have a “fuzzing” effect on the edges of the zone. Thus,

Figure 2-A-5 should be viewed as an approximate representation of long-term changes in the

discharge zones.

Summary

Beach front position is dependent upon deposition or erosion of littoral drift sediment and water
level in the lake at any given time. Human activities, principally the construction of breakwater
piers, have accelerated the beach accretion process in the Waukegan Harbor area. The movement
of the shoreline affects the location of groundwater discharge into the lake. The groundwater
discharge location has moved hundreds of feet over the decades since the WCP was built. Much of
eastward growth of the beach took place in the period after closure of the plant at the beginning of
the 1970s.
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THE DUNES

INTRODUCTION

lliinois Beach State Park is 2 showcase for the last
remaining area of beacn-ridge/swale development in i
linois. The dunes are an area where beach ridges along
the shore shore line of Lake Michigan have been
sculpiured and reshaped by the forces of wind. These
beautiiul low dunes contain a diversity of plant and animal
life, climatic conditions, and geological features unique

in lliinois.

The dunes occupy a long narrow strip of land along the
shore of Lake Michigan irom Waukegan on the south to
Kenosha, Wisconsin, on the north. This long, narrow strip
was known as the Waukegan Moorlands, the Waukegan
Fiats, or the Dunesland, long beiore it became lllinois

\/Beach Siate Park.

Tne dunes provide the opporiunity to experience a
kaleicoscope of sounds, smeils, and sights. They are a
reservoir of knowledge about plant succession and dune
ecology can be obtained. We have a responsibility 1o pro-
tect and preserve this natural legacy for the enjoyment
ang wise use by our present and fuiure generations.

HISTORY

It wasn't until 1948 that the siate acquired the first land
of what is now lllinois Beach Siate Park. in 1850 the lllinois
Dunesland Preservation Society was formed, its goals be-
hg the preservation and protection of the natural qualities
oi the beach-ridges, swales, and dunes. At this time the.
gunssland area was being threatened with further,
cdevelcoment by man. Through the etionts of the
Dunesland Preservation Scciety, protective laws were
passed. In 1964 the dunesland was dedicated, becom-
ing the first nature preserve in lliinois!

GEOLOGIC SETTING

As recently as 12,000 years ago, solid glacial ice occupied
tne area tnhatl is now Lake Michigan. The Wisconsinan
Glacier, the most recent glacier to enter lliinois, scoured
out Lake Michigan and lek behind material that has been
r2workes Into the beach ridges and dunes of lliinois Beach
slate Pare. This paren! material, known as glacial drity,
ccalains a large array of bouicers, cobbies, pebbles,
sancs, silis, and clays.
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tne vasi amoun! ¢f water

As the olacial ice melied,
released created a lake with 2 water level more than 50
feei igner than the present level ol the laxe. This ancien!
lake, calied Laxe Chicago by geologists, inuncatac naarly
now iies, s well

~ae~

ali ¢! ine area wnere the City of Thicag

as tne entirety of lliinois Beach Siate Park.

When the glacier receded further north, which opened
new outlets and ended the inflow of meltwater, the iake
level iell 10 a position at ieast 80 feet below its present
level. However, the northern outlets began to rise, once
the enormous weight of the ice was removec, and wailer
level gradually rebounded to a position about 25 feet
above its present elevation, an episode of high water
calied the Nipissing phase. Following the Nipissing phase,
tne water gradually fell and has fiuctuated within several
ieat of its present level throughout historic time. Beach
terraces from ancient lake levels are preserved west of
the Chicago and Northwestern Railroad tracks.

The beach ridges and dunes preserved in lllinois Beach
State Park began to form approximately 3,000 years ago,
a very young age by geologic standards. The beach ridges
in the nortnwestern pan of the park were the first ones
to form. Successive beach ridges have been added to the
south, while the lakeward ends of beach ridges to the
north have been eroded away. The course of the old
ricges somewhat resembles the shape ol the present
lakeshore and indicates positions of the shore during
prehistoric time.

This process, still going on, is caused by the intense
energy of waves and currents. Alithough dominant winds
come from the west, the-longest across the take is (o the
northeast and winds from this direction have {he greales!
distance in which to gather waves. Waves {rom this
direction are therefore much stronger than waves from
other directions and gradually push sand panicles toward
the south. The net southerly movement sand at the shore
can amount to dozens of jeet in 2 single storm and in a
year can be hundreds of jes!.

DUNE FORMATION

Winds, blowing shoreward 2! speeds of 8 1o 25 miles per
hour, begin to move sand grains. These sand grains skip
and bounce as they move, a process called saliation. As
they move barely a oot or iwo off the gound, they may
meet 2 siight cbsiruction, such as a clump of grass.The

cosirucucn deflecis the wing and allows any grains o

. Tnus a siigh! mound s creaiel.
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Sand movement through the process known as saliation.

Only the small grains that make up sand can be moved
by this methoc. By Io'oking at the sand of the dunes and
the sand of the beach and beach ridges one can see a
marked difierence. Beach sand, moved by the waiter in-
cludes not only coarse sand but also small rocks and
stones. Dune sand grains are uniformiy small and very
smooth to the touch. _ -

The wind pushes sand grains up the windward side of the
dune crest, and the sand grains eventually roll down the
steep backslope. This causes the dune to grow in down-
wind direction. A dune's continuec growth depends upon
wind, a source of sand, and presence or absence of
vegeiation. Because dune plants act as barriers to sand
movement and hold migrating sanc, they play a critical
role in the formation and stabilization of dunes.

The dominant wind on Lake Michigan is {from the
wesl/southwest. This wind blows mos! o! the dune sand
lakeward on the west shore of Lake Michigan so dunes
are small. On the east side of the lake, the prevailing winds
blow the sand landward froming the large dunes of the
Michigan and Indiana shore.
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Further 10 the wesl, beyond the rear dunes, is a com-
musily of oak trees which further help to slabilize the
dunes. Black Oak and Choke Cheny are Ihe characierisiic
plants, but there are many others: New Jersey Tea, Poison
Ivy. Wild Grape, and several grasses, among them the
natve June Grass and Weedy, non-native Canada and
Kertucky Bluegrass. Numerous showy llowers are tound
in the openings in the oak woods. Coreopsis, Lupine,
But.erlly Weed, Western Sunik . Showy Goldenrod
Sky-blue and Healh Asters are here in projusion. More
aniinals will be seen and heard: chipmunks, ground sQuir-
rels, gray squirrels, blue jays, lowhees, and several kinds
of sparrows, 10 mention only a low.

Stilt farther 10 the wesl, the oaks siop rather abruptly, and
the pralrie begins. Standing on a small dune west of the
oats and looking wesiward, we see the prairie divided inlo
notth-south strips, dry sandy prairie ahernating with wet
marshy prairie or sloughs. Dead River flows nearby. Here
in the prairie is lound the grealest variety of flowering
plaws. From May 1o Oclober the color of the prairie
chinges almos! weekly as different llowers starnt thelr
bloaming season. Characieristic of the dry sandy prairie
are Sandwort, Spiderwort, Prairie Phlox, Black-Eyed
Susan, Yellow Conetlower, Lead Plant, Purple and White
Preirie Clovers, and Rough Blazing Star. Characteristic
of the moist prairie are Grass Pink Orchid, Marsh Phiox,
Shooling Star, Marsh Blazing Star, Bonaset, Swamp
Milsweed, Fringed Gentian, Sawtoothed Suntiower, and
Snezewsed.

This prairie represents a mature or stable association,
givan the condilions that exist now — the lrequent lires,
the present drainage systemn and the intesference of man.
# these factors should change, a deciduous lorest might
develop on the sandy ridges.

The lllinois Beach State Park Dunesland is an exiraoidin-
arily inleresting and challenging region. lts complexily Is
rellected in the geology, the greal variely of plants, the
eculogical succession and nature's uncertain future.

Fu‘ther information on the dunesland or the park may be
obiained from the Park office at:

Winois Beach Siate Park
L.akefrunt
Zion, Wtinois 60099
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Appendix 2-B
Groundwater Flow Modeling

As part of the Remedial Investigation (RI), a SLAEM (Single Layer Analytic Element Model)
groundwater model of the site was developed to provide the following: (1) a tool for integrating
and evaluating independent estimates of hydraulic parameters such as hydraulic conductivity and
aquifer recharge; and (2) a basis for future evaluations of the effects of potential remediation
scenarios on groundwater flow patterns and discharges. The model was also developed to
supplement the extensive amount of measured site data for evaluating volumetric discharges of
groundwater to Lake Michigan and Waukegan Harbor. The development and calibration of this
groundwater flow model were discussed in detail in Appendix 5-C of the RI Report.

Subsequent to the RI Report, a more detailed review of the site water balance and the interaction
between the beach and groundwater was conducted. The groundwater model was consequently
refined and a separate two-dimensional SLAEM model was developed to simulate groundwater
discharge to the lake. The refinements to the existing model and the development of the discharge

model are summarized in this appendix.
Model Refinements

The groundwater monitoring (Appendix 5-A of the RI Report) indicate that the horizontal
hydraulic gradient steepens between the eastern-most monitoring wells and the lake. The data
also suggest a seasonal change in the configuration of the groundwater high in the center of the
peninsula. These variations are attributed to locational and seasonal variation in infiltration. The

existing model was refined to more accurately reflect these variations.
Higher Beach Infiltration

The steepening of the horizontal hydraulic gradient towards the lake is explained by higher
infiltration at the beach than over the rest of the peninsula. A number of physical factors point to
the likelihood of higher infiltration at the beach, such as: wave action, lake spray, permeable
nature of beach and dune sands, sparse vegetation in the dunes area (resulting in decreased
evapotranspiration), numerous depressions in which runoff accumulates, and high humidity and

cool temperatures adjacent to the lake. Higher infiltration at the beach is also consistent with
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published information about similar dunes areas, where infiltration rates in excess of 80 percent of

the annual precipitation are reported (Frank, 1970).

To simulate higher infiltration at the beach, a higher recharge rate (referred to as the Areal
Element Module in the SLAEM model) was applied along the beach. The distribution of
infiltration is shown on Figure 2-B-1. As will be discussed below, the annual average model
calibration was achieved at a site-wide annual infiltration rate of 11.5 inches and a beach average
annual infiltration rate of 33.8 inches—an infiltration rate approximately equal to the annual

average precipitation.

Seasonal Variations

The groundwater flow model was calibrated to average observed groundwater conditions in each of
three seasonal trimesters. The model elements of each trimester and the annual average of all
trimesters are summarized in Table 2-B-1. This table also lists the elements of the previous RI

model for comparison.

For each trimester model, measured water level elevations were used to specify the heads at the
head-specified elements representing Lake Michigan and Waukegan Harbor. When lake levels
from RI monitoring points were not available due to frozen conditions, published lake levels were
used. Site and beach infiltration rates were then adjusted until modeled water level elevations
matched the observed elevations to within + 0.2 feet. Adjusting the site-wide infiltration rate
brought the predicted water level elevations into the same proximity as measured elevations, while
adjusting the beach infiltration reduced the scatter in the calibration. Predicted heads and
calibration results for each trimester and for the annual average are shown on Figures 2-B-2
through 2-B-9.

For the March through June calibration (Figures 2-B-2 and 2-B-3), there were only two measuring

points at which the difference between predicted and observed elevations were greater than

0.2 feet. One of the locations, W-2A, is on OMC Plant No. 2 property, which is located far from the
site and is not of material significance in judging the adequacy of the calibration for the site. The

other location at which the difference between predicted and observed elevations was greater than

0.2 feet, MW-7S, is located on site. The measured elevation at MW-7S is assumed to be anomalous
because of the good fit at the rest of the on-site locations. For the July through October calibration
(Figures 2-B-4 and 2-B-5), all predicted elevations were within 0.2 feet of observed values. The

November through February period represents a transition period from the end of the infiltration
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season in November to virtually no infiltration in January and February. For the November
through February calibration (Figures 2-B-6 and 2-B-7), there were two measuring points with a
difference between predicted and observed elevations greater than 0.2 feet. One of these locations,
MW-138S, lies between two other locations with very good calibration results (MW-12S and
MW-14S); therefore, little weight is given to this outlier result. The second location, well W-12,
lies on OMC Plant No. 2 property and is, therefore, not of material significance in judging the

adequacy of the calibration for the site.

Figures 2-B-8 and 2-B-9 illustrate the predicted elevations and calibration for the annual average
of infiltration conditions. Figure 2-B-10 illustrates the predicted groundwater divides on the
peninsula and the segments used to calculate groundwater discharge rates to surface water.

Figure 2-B-11 illustrates the average discharge rate for each segment.

The model refinements presented here have significantly improved the representativeness of the
site groundwater flow model. The model in the RI was calibrated to within = 0.5 feet of water
elevations, only covering September to February data. The refined model, on the other hand,

achieves a calibration of + 0.2 feet for all seasonal data.
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Summary of SLAEM Input Data for Calibration

Table 2-B-1

Original Refined Annual Mar.—Jun. Jul.-Oct. Nov.—Feb.
Calibration Calibration Calibration Calibration Calibration
Aquifer Module
Base Elevation of Aquifer (feet, MSL) 557 557 557 557 557
Thickness of Aquifer (feet) 33 33 33 33 33
Hydraulic Conductivity of Aquifer (feet/day) 31 31 31 31 31
Porosity of Aquifer { ft*/ft° ) 0.38 0.38 0.38 0.38 0.38
Arel Element Module
Global Infiltration Rate (feet/day) 0.00245 0.00262 0.00343 0.00282 0.00160
Beach Infiltration Rate (feet/day) — 0.00771 0.00882 0.00882 0.00548
Linesink Module (constant-strength)
Water Elevation of Lake Michigan (feet, MSL}) 581 581.03 580.75 581.19 581.15
Water Elevation of Ponding Area (East of Storm Sewer Outlet) 582.49 582.45 582.28 582.60 582.47
(feet, MSL)
Linesink Module (linear-strength)
Water Elevations of North Ditch (feet, MSL) 582.84 t0 581 | 582.68 10 581.03 | 582.54 to 580.75 | 582.68 to 581.19 | 582.83 to 581.15
ngter&éi\;alions of Surface Water Drainage (Northeast of Site) 582.49 to 581 582.45 to 581.03 582.28 to 580.75 582.60 to 581.19 582.47 to 581.15

Curvilinear Module (head-specified)

Water Elevation of Waukegan Harbor (feet, MSL) 581 l 581.03 580.75 581.19 581.15
Curvilinear Module (leaky)
Resistance Values of Slurry Wall, Eastern End of Slip No. 4 (days) 7.100 7,100 7.100 7,100 7.100
Thickness of Slurry Wall, Eastern End of Slip No. 4 (feet) 2 2 2 2 2
Resistance Values of Retaining Walls Along Harbor (days) 21020 21020 21020 21020 21020
Estimated Thickness of Retaining Walls Along Harbor (foot) 1 1 1 1 1
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Appendix 2-C

Effect of Peninsular Groundwater Hydraulics
on Groundwater Flow and Chemical Distribution

Introduction

Groundwater modeling was used to examine the hydraulic effects of beach accretion and changes
in site conditions on general groundwater flow patterns beneath the peninsula. The purposes of

these modeling efforts are:
1. to explain stratification of chemical concentrations in the aquifer

2. to help understand the effect of beach accretion and other major site changes such as the

creation of Slip No. 4 in the northwestern portion of the site on:
— horizontal groundwater flow patterns beneath the peninsula
- vertical advective transport of chemicals over time.

Plan views showing groundwater flow conditions and groundwater flow path traces were generated
for each of the site conditions simulated. Transects along flowpaths ending either at the lakeshore
or at the harbor were generated and used to analyze the different behavior of vertical advective
plume transport near a fixed boundary discharge area (i.e., harbor) and near a moving boundary
discharge area (i.e., retreating lakeshore). For this purpose, flow modeling along vertical cross-

sections were conducted, which differ from the site-wide (horizontal) groundwater flow models.

Simulations

A series of steady state models was set up to represent shoreline and harbor conditions that were
prevailing in 1970 (with and without ponds), 1974, 1981, 1988 (with and without Slip No. 4), 1993
and 1997. For this purpose, the refined site-wide groundwater flow model was used; as presented

in Appendix 2-B.
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The locations of the shoreline were obtained from historical aerial photographs of the site. The
model representing the 1970 groundwater flow conditions with ponds used a 1967 shoreline. The
groundwater divide was assumed to coincide with the location of the ponds. Pond locations,
assumed to be aqueous discharge zones, were obtained from historical aerial photographs of the
site, as shown on Figure 2-C-1. The ponds were simulated as having a water level 5 feet above

water table.

Simulated piezometric heads for the above-referenced steady state simulations are shown on
Figures 2-C-2 through 2-C-5. Figure 2-C-2 indicates that the modeled infiltration at the
groundwater divide was a driving force for site groundwater flow. In Figure 2-C-3 through 2-C-5,
peninsula-wide infiltration is the primary driving force for groundwater flow. The modeling shows
there was an eastward shift of the groundwater divide due to beach accretion. The presence of the
slip created a further eastward shift in the groundwater divide, along with increased groundwater

discharge to the harbor side of the peninsula.

Groundwater flow path traces passing through monitoring well MW-13D on the beach side, and
through monitoring well MW-1D on the harbor side were generated by each of the simulations, as
shown on Figures 2-C-6 and 2-C-7, respectively. On each of the traces, tickmarks representing the
distance traveled in one year by groundwater are presented. The density of the tickmarks
indicates a much slower groundwater velocity as water moves in the vicinity of the groundwater
divide.

Transect Transport Models

The groundwater models were used to generate a series of cross-sectional transects along the

flowpath traces. These flowpath traces are shown on Figure 2-C-6 and 2-C-7.

The transects were used to conceptually analyze the behavior of assumed plumes of chloride (a
conservative tracer) and phenol (a retarded tracer), as they moved from the groundwater divide
toward the lake and the harbor. The analysis considered only two transport mechanisms:

advection and retardation. Dispersion and degradation were not taken into account.
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The analysis assumed that the transport of chloride and phenol in the aquifer can be visualized
through a series of snapshots of quasi-steady state conditions, simulated for the different dates. In
reality, the groundwater conditions change gradually as the lake boundary moves and as
conditions at the site vary. This simplified approach, however, provides insight on the general
behavior of the site chemical plumes. Due to the absence of calibration data, the results are

viewed as conceptual findings.

Method for Estimating Plume Locations

Site history indicates there may have been aqueous discharges at the site from completion of plant
construction in 1928 until site grading after plant demolition in 1972, a period of 44 years. For the
purposes of this analysis, the aquifer initial conditions were generated using 41 years of aqueous
discharge loading to the groundwater. Since the purpose of this modeling and analysis is to
provide a conceptual illustration of the significance of beach accretion and other physical changes
at the peninsula on groundwater flow and plume migration, the small discrepancies between

modeling assumptions and site history have not been rectified.

The initial (1970) chloride plume distribution along the beach side was estimated using the 1967
shoreline with ponds (Figure 2-C-2). The location of the chloride plume in 1970 was estimated by
following each flowpath trace 41 tickmarks from the ponds (since each tickmark represents the
distance traveled in one year by a conservative tracer such as chloride). The 1970 location of the
chioride plume along the beach transect is depicted in Figure 2-C-8. The 1974 location of the
chloride plume was derived with the 1967 shorelines, but without ponds (Figure 2-C-3). The front
and the back of the 1970 plume were then moved along flowpath traces by 4 ticks (i.e., distance
traveled between 1970 and 1974). The resulting location of the plume is shown in Figure 2-C-9.
Similar procedures were used to delineate the 1981 and 1988 plume locations. The 1981 plume
delineation used the 1981 flow model in order to depict the fast growth of the beach between 1974
and 1981.

The locations of the chloride plume in 1981 and 1988 are shown in Figures 2-C-10 and 2-C-11,
respectively. The groundwater model with the 1988 shoreline and Slip No. 4 was used to generate
the transect used to estimate the location of the plume in 1993 (Figure 2-C-12). The groundwater
model with Slip No. 4 and the 1993 shoreline was used to estimate the location of the chloride
plume model in 1997 (Figure 2-C-13). Figure 2-C-14 shows the superimposed simulated locations
of the chloride plume in 1970, 1974, 1981, 1988, 1993, and 1997 on the beach side.
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To estimate the locations of the chloride plume along the harbor side, only three groundwater flow
models were used, as groundwater conditions on the harbor side remained relatively unchanged
after plant demolition activities until Slip No. 4 was constructed.' The simulated locations of the
chloride plume are depicted in Figures 2-C-15, 2-C-16, and 2-C-17, for 1970, 1988, and 1997,
respectively. Figure 2-C-18 shows the superimposed simulated location of the chloride plume in
1970, 1988, and 1997 on the harbor side.

The locations of the phenol plume on the beach and harbor sides were derived using the same
methodology and the same groundwater models described above, with a variation that takes into
account the fact that phenol is retarded. A retardation factor of 3.6 for phenol was used for the
upper two thirds of the aquifer, and a retardation factor of 6.3 was used for the bottom one third®
The phenol plume estimates in 1970, 1974, 1981, 1988, 1993, and 1997, for the beach transect are
shown on Figure 2-C-19, and the estimates for 1970, 1988, and 1997 for the harbor transect are
shown on Figure 2-C-20.

Chloride and Phenol Transport Analysis

Figure 2-C-8 showing the transect of the estimated plume location on the beach side prior to plant
demolition illustrates that the water infiltrating at the groundwater divide dominated groundwater
flow patterns at the site. The aqueous discharge at the groundwater divide created an initial

vertical stratification, with the discharge water beneath the water that infiltrates from rainfall.

After the plant was demolished, the initial stratification was accentuated by the infiltration at the
site. The infiltration flushed the top of the chloride plume out of the aquifer. The cumulative
effect of this is illustrated in Figure 2-C-14.

The lake has a general effect of creating an upward movement of the plume toward the discharge

zone beneath the lake. It should be noted that groundwater velocities along the flowpaths that

! The location of the chloride plume in 1970 along the harbor transect was derived from the results of the
groundwater model with the 1967 shorelines and with simulated ponds. The location of the chloride plume in
1988 was derived from the results of the groundwater model with the 1967 shorelines without the simulated
ponds. Finally, the location of the chloride plume in 1997 was derived from the results of the groundwater
model with the 1988 shoreline and with Slip No. 4 simulated.

% These retardation factors were estimated from total organic carbon values and porosity measured in
samples collected during the remedial investigation at different depth intervals. Using these two retardation
factor values, each tickmark in the transects was assumed to represent a distance traveled during 3.6 years
and 6.3 years, depending on whether the phenol particle is located with the upper two-thirds or the bottom
one-third of the aquifer.
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move upward to the lake bottom are much larger in the upper portion of the aquifer, and decrease
considerably with depth (Figures 2-C-8 through 2-C-13). As the plume is reduced downward to the
lower portion of the aquifer by infiltration, 1ts discharge 1s slowed by that zone of low velocities.
Because the beach and discharge zones are 1n motion. the longer it takes for groundwater to
discharge, the more opportunity there is for mixing and attenuation of the plume prior to reaching

the lake.

As the beach advanced, the portion of the plume that was initially moving upward toward the
bottom of the lake was swept downward by the added infiltration at the newly exposed beach.
This effect is more pronounced when the beach accretion rate is larger, i.e., between 1974 and

1981.

The same effects can be described for phenol (Figure 2-C-19), the major difference being the
smaller distance traveled by phenol compared to that traveled by a conservative tracer such as

chloride.

On the harbor side, there is no moving boundary. Thus, the only mechanism observed is that the
chloride and phenol plumes are swept into the deep portion of the aquifer by infiltration
(Figures 2-C-18 and 2-C-20).

On the lake side, the upward movement toward the lake bottom followed by the horizontal
downward movement as the beach advanced has created a significant smearing of the plume in the
upper portion of the plume. The added infiltration in the new portion of the beach has added
dissolved oxygen and created conditions favorable for aerobic degradation. This has led to further

reduction of biodegradable compounds.

The above modeling and analysis provides conceptual insights on the behavior of the contaminant
plumes at the site. Actual plume migrations are more complex and vary in response to spatial
and/or temporal changes in several parameters such as hydraulic conductivity, infiltration, total
organic carbon content/retardation factor, beach movement, as well as degradation, dispersion,

smearing and dilution.
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Three general conclusions can be drawn from this analysis:

1. Groundwater hydraulics can explain the stratification of the site groundwater, with the
plume lying in a relatively thin zone at the base of the aquifer—on both the lake and

harbor sides of the site.

2. In the past, the groundwater plume discharged or passed through much of what is now the

dunes area east of the site.

3. The movement of the beach has changed the groundwater flow patterns, enhancing the

attenuation of the plume prior to its discharge to the surface water.

Groundwater Discharge to Lake Michigan

A separate, cross-section groundwater flow model was developed to determine the size of the
discharge zone for groundwater discharge into Lake Michigan. This information was subsequently
used to frame the near-shore zone issue for groundwater mixing with surface water (see

Appendix 2-D).

The general nature of groundwater discharge to surface water bodies is well known. The discharge
is greatest at shoreline and decreases exponentially with distance from the shoreline (McBride and
Pfannkuch, 1972). The SLAEM computer program, which is based on the Analytic Element
Method (Strack, 1989), was utilized to construct a two-dimensional vertical-plane representation of
groundwater flux into the lake. The objective of the analysis was to characterize the size of the
discharge zone into the lake for estimating groundwater to surface water mixing ratios. Due to the

absence of calibration data, the results of this modeling effort are viewed as conceptual findings.
Model Assumptions
The following assumptions were incorporated into the SLAEM lake-discharge model:
* The aquifer was modeled as a single-layer system with a base elevation of 557 feet above
mean sea level (MSL), an aquifer thickness of 24 feet at the shoreline, an hydraulic

conductivity of 31 feet/day, and a porosity of 38 percent. These parameters are the same as

or similar to those of the refined site-wide groundwater flow model (Table 2-B-1).
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e The aquifer was modeled assuming steady-state groundwater flow conditions. This
assumption does not address temporal vanations in lake elevations and groundwater

fluxes.

e Variations in aquifer thickness—from 24 feet at the shoreline to 0 feet at a large distance
east of the shoreline—were included in the model to account for changes in aquifer
thickness underlying Lake Michigan. Based on maps of lake depth from the Lake
Michigan Mariners’ Atlas (Gulf Publishing Co., 1988) and lake cross-sectional information
in Shabica and Pranschke (1993), it is evident that the sand deposits that form Waukegan
beach extend thousands of feet into Lake Michigan. The sand deposits gradually thin until
the underlying glacial till 1s exposed. The model assumed that the aquifer thins linearly

from the shoreline to the glacial till outcrop beneath the lake.

» The base of the aquifer was assumed to act as an aquitard. Based on estimates of
negligible interaction between deep aquifers and the aquifer at the site, this assumption

appears to be appropriate and consistent with the site-wide data.

¢ Groundwater flow paths from the site were assumed to be horizontal at the shoreline.

* The discharge flux rate to Lake Michigan, a total flux rate of 2.4 ft¥day (vertical plane at a
point along the shoreline), was obtained from the site-wide model. This total flux rate was
evenly distributed along the entire thickness of the aquifer in the groundwater discharge

model.

* The lake was assumed to be in direct connection with the aquifer. This connection is
evident by the existence of sandy sediments characteristic of the aquifer out into the lake.
The water elevation of Lake Michigan (581.1 feet MSL) establishes the boundary conditions
at the top of the aquifer.

* A uniform vertical-to-horizontal anisotropy ratio of 1:4 in hydraulic conductivity of the

aquifer was used. This anisotropy was the value obtained from field investigations

involving pumping tests.
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Model Results

Generalized flow patterns of groundwater under Lake Michigan for the lake-discharge model are
shown in Figures 2-C-8 through 2-C-13. Groundwater flow paths generated from the model
indicate discharge of deep aquifer water farthest from the lake shore while shallow aquifer water
discharges close to shore. Each tick along the flow paths represents a travel time of one year For

all practical purposes, the groundwater discharges within 250 feet of the shoreline.
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LAKESIDE TRANSECT OF CHLORIDE PLUME IN 1970
GROUNDWATER MODEL HAS 1967 LAKE SHORELINE
WITH SIMULATED DISCHARGE OF PONDS




P 1349003/ JANYBREPORTGRAPHICS/ICHLR7074 CDR

Groundwater Flow Path (Tick marks represent distance
traveled by groundwater in 1 year)

—— —— 1970

Figure 2-C-9
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LAKESIDE TRANSECT OF CHLORIDE PLUME IN 1974 AND 1981
GROUNDWATER MODEL HAS 1981 LAKE SHORELINE
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LAKESIDE TRANSECT OF CHLORIDE PLUME IN 1981 AND 1988
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LAKESIDE TRANSECT OF CHLORIDE PLUME IN 1988 AND 1993
GROUNDWATER MODEL HAS 1988 LAKE SHORELINE
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LAKESIDE TRANSECT OF CHLORIDE PLUME IN 1993 AND 1997
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HARBORSIDE TRANSECT OF CHLORIDE PLUME IN 1988 AND 1997
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Appendix 2-D

Groundwater Mixing with and Water Quality Effects on
Lake Michigan and Waukegan Harbor

Introduction

This appendix presents the FS model of groundwater mixing with surface water and the potential
effects of groundwater discharges on surface water quality. The model of groundwater mixing with
surface water has been updated from the RI model, in order to better represent the near-shore
zone of the lake, where groundwater discharges. (Appendix 2-C presents the modeling of
groundwater discharge to the lake.) The calculation of potential effects on surface water quality
incorporates the post-RI investigation findings on vertical distribution of COCs in the groundwater
and the refined groundwater flow modeling presented in Appendix 2-B. This modeling does not
account for attenuation mechanisms that reduce the mass flux of COCs, either in the groundwater
(i.e., anaerobic or aerobic biodegradation) or the surface water (i.e., chemical transformation and
biological processes). Therefore, the calculated surface water concentrations based on this model

should be viewed as conservative estimates of the maximum potential effect on surface water.

Surface Water Mixing Model Refinement

As discussed in Appendices 2-B and 2-C, more detailed reviews of the site water balance and the
interaction of the beach and aquifer were conducted subsequent to the Remedial Investigation
Report. The additional analysis showed that it would be appropriate to consider two surface water
mixing zones on the lake side. These zones are the near-shore zone and the longshore current
zone. The near-shore zone for this analysis is the area in which groundwater discharges to surface
water. The longshore current zone is a much larger zone in which surface water flows are
dominated by lake currents. The longshore current zone was the zone represented in the

Waukegan Harbor surface water model described in Appendix 8-C of the February 1995 RI Report.

This portion of Appendix 2-D presents a supplementary model for the near-shore zone mixing and
provides further evaluation of the flows in the longshore current zone. Mixing ratios between
groundwater and surface water are derived for each zone separately. The methods and
assumptions used in these calculations were expected to produce conservative estimates of mixing.
The surface water current measurements obtained during the 1997 surface water sampling

confirmed that the lake current estimates here are conservative for the low mixing scenarios.
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Therefore, the mixing ratios presented in this appendix should be viewed as conservative measures

for the attenuation of discharged contaminants in the iake and harbor.

Near-Shore Zone

The near-shore zone consists of the breaker and the wind-current zones. The breaker zone 1s
formed when winds are from the east, north, or south. The waves produced by these winds break
as they approach the shore, producing an intensely mixed area near the shore referred to as a
breaker zone. However, when winds are from the wes: (the prevailing winds are northwesterly),
no breaker zone is formed; rather, wind-induced currents are generated. These wind-induced
currents cause mixing and exchange of water with deeper portions of the lake. The development of
the analysis of the near-shore zone in the lake directly east of the site is presented in detail here.
A similar analysis, based on wind-induced currents and measured currents for the breakwater area

(swimming beach) southeast of the site, is summarized as well.

Breaker Zone

The breaker zone is an intensely mixed zone in which waves typically break as they approach the
shoreline. Groundwater which enters this high-energy mixing zone is promptly dispersed.

A separate breaker zone mixing model was developed to better understand the dynamics of the

near-shore situation and to supplement the mixing model for the longshore current zone.

The size of the breaker zone was estimated from aerial photographs. Observations of breaker zone
size were made in the area between Waukegan Harbor to the south and Commonwealth Edison
Power Plant to the north. Distinct areas of breaking waves or mixing zones adjacent to the shore
were visible on aerial photographs on the following dates: 7/1/54, 3/28/59, 9/18/61, 10/20/67, and
10/10/74. Other photographs were examined, but, either due to wind direction or indistinct
photography, they were not suitable for determining breaker zone size. Based on the
measurements from the aerial photographs, the average distance from the shore to the edge of the
breaker zone is 340 feet. This breaker zone encompasses the groundwater discharge zone (from
the shore to about 250 feet offshore) described in Appendix 2-C. The north-south length of the
breaker zone opposite the site was measured from the breakwater near the southern edge of the
site to approximately the northern edge of the site, a distance of 1,600 feet. Lake depths were
taken from the Mariner’s Atlas map (Gulf Publishing Co., 1988), which showed a lake depth of
approximately 4 feet at a distance of 340 feet from the shoreline. The location of the near-shore

zone east of the site is shown on Figure 2-D-2.
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Breaker Zone Currents

Winds from the east, north, and south produce waves which create a breaker zone along the shore.
These waves induce a longshore current, the strength of which is a function of the wave height, the
angle at which the waves approach the shore, and the slope of the beach. The formula for the

breaker current is:

v = 20.7m (gH,)"” sin 2 ¢, (equation 4-22 from the Shore Protection Manual, Volume I,
Coastal Engineering Research Center, 1984).

where: v = Longshore current velocity within the breaker zone
m = Beach slope
g = Acceleration due to gravity
H, = Breaker height

@, = Angle between breaker crest and shoreline

Application of this formula requires measured or estimated breaker wave heights. As a first
approximation, observed breaker wave heights from the west shore of Lake Michigan in Kewaunee
County, Wisconsin were used (Lee, 1975). The data and calculated breaker zone current velocities

are shown in Table 2-D-1.

The calculated average, highest, and lowest longshore currents were used to compute groundwater
mixing ratios with surface water. The average annual groundwater discharge to the lake east of
the site (north of the north breakwater) is 22.5 gpm. The groundwater mixing ratios for breaker-

induced currents are as follows:

e Average current (0.65 feet per second) 9,000 surface water : 1 groundwater
* High current (1.60 feet per second) 22,000 surface water : 1 groundwater

e Low current (0.21 feet per second) 2,900 surface water : 1 groundwater
Note that the above mixing ratios do not account for exchange between the breaker zone and

deeper waters due to flows perpendicular to the shore. Thus, these mixing ratios underestimate

the actual mixing that would be expected for the breaker zone.
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Wind Current Zone

Westerly winds do not develop a breaker zone. However, currents and mixing are induced by such
winds. The velocity of wind-induced currents are approximately 2 percent of the wind velocity
(Wetzel, 1975). In cases where the transfer efficiency of wind velocity to water velocity is
inefficient, the water velocity may be 1.3 percent of the wind velocity (Wetzel, 1975). The zone for
calculation of groundwater mixing by these wind-induced currents will be somewhat different than
the breaker zone, because the breaker zone size is defined by lake conditions. In contrast, in this
analysis, the wind current zone is defined by the size of the groundwater discharge zone. For the
wind-induced current zone, the distance from the shore to the edge of the zone was taken to be
250 feet. The location of this zone is shown on Figure 2-D-2. Calculation of the mixing in this
zone was based on a northwesterly wind of 4.5 meters per second. This wind velocity was the
average wind velocity used in risk assessment calculations (U.S. EPA, 1995). This wind velocity 1s

equivalent to 14.8 feet per second or 10 miles an hour.

While the breaker zone was well mixed over its full extent, the same conditions were not assumed
for the wind current zone. The wind current model assumes that for the component of flow
perpendicular to the shore, the wind affects only the upper half of the water. The lower half flows
towards the shore to replenish the water being driven out from the shore by the wind. For the
component of flow parallel to the shore (north-south flow), the wind affects the full depth of the
water. The calculated mixing ratio between surface water and groundwater is 12,000:1. If the low
efficiency of wind transfer coefficient and a 5 mph (2.25 m/s) wind is used, the mixing ratio is

approximately 3,700:1.

During periods of no wind, mixing activity will gradually decline. There are generally few
windless periods at the edge of a large body of water like Lake Michigan. During calm periods,
winds may still develop near the lake because of daily cycles of differential heating of land versus
water. The long, unobstructed fetch over the water also contributes to fewer and shorter calm
periods than would be expected inland. In fact, the Waukegan wind rose on Figure 2-D-1 shows
that, for wind measurements taken at a weather station near the lakeshore in Waukegan
(1951-1964), winds were calm only about 1.4 percent of the time. Observation of the lake while
sampling during “windless” periods found that currents persist, even when the winds and lake
appear calm. The observed currents in the near-shore zone off the site during the 1997 sampling
{low wind conditions) ranged from 0.032 m/s (6.3 ft/min) to 0.084 m/s (16.6 ft/min). These

measurements are higher than the low currents used in the mixing model analysis (0.029 m/s).
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Conclusion—Lake Near-Shore Zone

On the basis of this evaluation, the normal mixing ratio between groundwater and surface water
in the lake near-shore zone is 12,000:1 or higher. The mixing ratios easily range in excess of

22 000:1 for waves of 2 feet high or more Even under “calm” low mixing conditions, mixing ratios

of 2,900:1 or more would be expected.

Breakwater Area

The breakwater area lies southeast of the site 1n the area between the north breakwater and the
north harbor wall, as shown on Figure 2-D-2. The public swimming beach is in this area. The
estimation of surface water currents 1n this area used wind-induced currents and measurements,
not breaker current calculations, as the development of a breaker zone is likely to be affected by
the breakwaters. The low current, 0.013 m/s (2.6 ft/min) was measured during the 1997 sampling.
The average current, 0.064 m/s, is for a 4.5 m/s (10 mph) wind. The high current, 0.27 m/s, is for a
13.5 m/s (30 mph) wind. The mixing ratios for these cases are: 1,600:1 for the low current, 7,600:1

for the average current, and in excess of 30,000:1 for the high current.

Longshore Current Zone

The Waukegan Harbor surface water model described in Appendix 8-C of the February 1995
Remedial Investigation Report describes mixing with Lake Michigan. This mixing occurs in the
longshore current zone, also referred to as the littoral drift zone. Analysis of the lake current data
collected by Argonne National Laboratories (Harrison, 1979) is explained and incorporated 1nto the

RI model in this appendix.

The RI model uses a mass balance approach, mixing the surface water driven by lake currents
with the groundwater discharging into the zone. The model uses a zone of surface water that
extends approximately 2,700 feet offshore and runs approximately 2,700 feet north to south as
shown on Figure 2-D-3. The zone extends from the beach to a water depth of approximately

20 feet. The actual longshore current zone extends somewhat further offshore than the 2,700 feet
used in this analysis, so the actual mixing is expected to be somewhat greater than the estimates
calculated using this model. The breaker zone area was not excluded from this model because the
breaker zone is small compared to the longshore current zone (about 1.6 percent of its volume), so

there is little effect from including or excluding the breaker zone.
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Lake Current Analysis

In the RI Lake Michigan mixing model, the lake currents used for the mixing calculations were
based on a qualitative review of the results from the Argonne 1979 study. These data have now
been analyzed quantitatively to provide a better basis for estimating the mixing 1n the longshore
current zone. The quantitative analysis of the data covers the full period of the Argonne 1979
study, April 26 to July 29, 1979, using four points to characterize diurnal current measurements.
These four points are the current at midnight and three other points to represent the high, low
and typical currents for the remainder of the day. These four daily values were then used to

compute the average current for each day.

Figure 2-D-4 shows the daily average velocities for the current as well as a plot of the four points
used to represent the current diurnal variability. The current frequency distribution is shown on
Figure 2-D-5. The time-weighted average of the measured current velocities is 0.082 meters per
second. Less than 10 percent of the velocity readings were lower than 0.015 meters per second
(i.e., this velocity was exceeded 90 percent of the time.) Such low velocities were not sustained for
more than four successive days during the period of study. Less than 10 percent of the velocities
were greater than 0.158 meters per second (i.e., this value was higher than 90 percent of the

velocities.)

The surface water mixing model for the longshore current zone includes all the groundwater
discharges from the Waukegan Harbor model, the breakwater area, and the lake near-shore area.
The dilution factor for groundwater to surface water for the average current is about 50,000:1. For
currents at the lower 10 percent level, the dilution factor is approximately 9,000:1. At the

90 percent level, the dilution ratio is about 90,000:1. The low mixing ratio of 3,000:1 is
representative of short periods of less than four days. Therefore, it should not be used in

computations that require representative concentrations with significant exposure durations.

Conclusion—Longshore Current Zone

The quantitative analysis of the Lake Michigan longshere current zone mixing suggests that the
representative mixing ratio is 50,000:1. The longshore current zone model does not account for any
currents perpendicular to the shoreline. Therefore, the calculated mixing ratios underestimate the

total actual mixing that would be expected.
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Mass Loading Estimates

Mass loadings from the groundwater to the surface waters of Waukegan Harbor, the breakwater
area, and Lake Michigan are presented in Appendix 5-D. The mass flux estimates presented below
incorporate the 1996/97 groundwater data. The “No Action” alternative mass flux estimates from
Appendix 5-D are used here to calculate potential effects on surface water quality. The
groundwater model on which these mass flux calculations were based is the refined model
described in Appendix 2-B. These mass flux estimates incorporate data and modeling refinements,
so this work supersedes the RI mass flux estimates, which were presented in Appendix 8-A of the

RI Report.

The peak mass fluxes to the surface water for the No Action case (see Appendix 5-D) are
summarized in Table 2-D-2. These mass fluxes are from various times, in order to represent the
highest estimated mass flux for any receiving water. These mass fluxes will not be sustained over
time, as is evident from the graphs of mass flux over time in Appendix 5-D. For the Waukegan
Harbor fluxes, the current (1997) flux was used, as the flux modeling shows a decline in the next

few years.

Table 2-D-2 shows the peak mass fluxes for ammonia, phenol, and arsenic. Other COCs such as
benzene and cyanide are not shown in this analysis because, with concentrations 100 times lower
(or more) than the phenols and ammonia concentrations, their potential contributions to surface

water concentrations are proportionately small.

Table 2-D-2 also shows the groundwater discharge to each surface water area, the amount of
discharge attributed to the high COC zones in the groundwater (the lower one-sixth of the sand
aquifer), and the average concentrations for ammonia, phenol, and arsenic in that high COC zone
in the groundwater. The groundwater discharge segments (i.e.,, AB, BC, etc.) referenced in

Table 2-D-2 are shown on Figure 2-D-6.

The Table 2-D-2 peak mass fluxes and the groundwater to surface water mixing models are used to
estimate potential effects of groundwater discharge on surface water quality. An average, low, and
high mixing case was developed for each area, as described in the mixing models above. The
calculations for the lake near-shore zone east of the site are summarized in Table 2-D-3. For the
breakwater area, Table 2-D-4 provides the summary. The Waukegan Harbor model summary is in
Table 2-D-5. Table 2-D-6 is for the longshore current zone of Lake Michigan. The loading to the

longshore current zone uses the combined groundwater flows from the harbor, breakwater area,
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and near-shore lake. Again, the peak loading over time was used. The individual area peaks do

not sum to the longshore current zone peak, as the individual area peaks occur at different times.

The sensitivity analysis done in the RI (RI Appendix 8-A) showed that the mass flux was directly
proportional to the groundwater flow rate and the proportion of the sand aquifer groundwater with
high COC concentrations used in the estimates. The range of groundwater flow rates from the RI
sensitivity analysis is 20 percent to 150 percent of the modeled rate. The range of the proportion
of the sand aquifer groundwater with high COC concentrations, based on the 1997 beach transect
data, is 70 percent to 150 percent of the modeled case (one-sixth of the groundwater column). The
groundwater flow and COC flux ranges are small compared to the range in surface water mixing
ratios. Therefore, no analysis of sensitivity based on variations in groundwater conditions is

presented here.

Conclusions

Table 2-D-7 summarizes the results of the calculation of the potential effect on surface water
quality from the peak groundwater mass fluxes. Given the conservative nature of the estimated
mass fluxes (peak mass flux, no degradation or mass loss in the groundwater) and mixing model,

the computed values should be considered to overestimate the potential effects on surface water.

The state’s surface water quality standards for the receiving surface waters are shown in Table
2-D-7, as are National Ambient Water Quality Criteria for the Protection of Aquatic Life. The
modeling and calculations show that no exceedances of standards are projected under any scenario
for Waukegan Harbor or for the breakwater area. The near-shore zone of the lake shows no
exceedances of state surface water quality standards; exceptions are for ammonia under the lowest
mixing scenario, and for phenols under all scenarios. None of these calculated surface water
concentrations exceed aquatic life protection criteria. Phenols are subject to biodegradation in the
groundwater and surface water, which the modeling did not account for, and which is potentially a
large enough effect to eliminate the computed exceedances. No exceedances were found for the
longshore current zone, except for phenols under the lowest mixing case. Degradation in the
groundwater and surface water would be expected to reduce this exceedance to below surface water

standards.
This analysis shows there is no threat of arsenic exceedances for the surface water at any time.

Given the conservative nature of this analysis, it is unlikely that exceedances of surface water

standards due to groundwater discharges will be observed now or in the future. None of the
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estimated concentrations exceed criteria for protection of aquatic life. None of the estimated
concentrations exceed criteria for protection of human health. The calculated surface water
concentrations, even using very conservative assumptions (peak mass flux rates and ignoring

natural degradation mechanisms), are fully protective of human health.
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Table 2-D-1

Breaker Zone Currents

Computed
Waukegan® | Waukegan
Data from Lee, 1975’ (Calculated) Current
H, v

Ay m Breaker Current m Current

Breaker Angle with | Beach Height Velocity Beach Velocity

Beach, degrees Slope (tt.) (ft/sec.) Slope (ftsec.)
12 0.1 0.8 0.48 0.012 0.52
10 0.1 1.2 0.52 0.012 0.52
13 _ 0.08 0.9 0.50 0.012 0.59
5 0.12 1.3 0.43 0.012 0.28
5 0.11 1.4 0.74 0.012 0.29
5 0.01 1.9 0.67 0.012 0.34
16 0.03 0.7 0.12 0.012 0.61
6 0.04 0.6 0.24 0.012 0.22
27 0.05 0.2 0.29 0.012 0.57
25 0.05 0.2 0.16 0.012 0.52
6 0.05 0.5 0.082 0.012 0.21
26 0.08 21 1.43 0.012 1.60
28 0.05 1.6 0.57 0.012 1.47
26 0.04 1.4 0.66 0.012 1.32
Average — — — 0.49 —_ 0.65
Maximum — — — 1.43 — 1.60
Minimum —_ — — 0.082 — 0.21

Computed Waukegan Current obtained using Longshore Current Velocity Equation:
v =20.7m (gH,)" sin 2 g,

where: v = Longshore current velocity within the breaker zone
m = Beach slope
g = Acceleration due to gravity
H, = Breaker wave height
a, = Angle between breaker crest and shoreline

' From Kwang K. Lee, “Longshore Currents and Sediment Transport in West Shores of Lake Michigan,”
Water Resources Research, Vol. 11, No. 6, December 1975.

¢ Computed from depths shown in Marina's Atlas, Lake Michigan, Gulf Publishing Co., 1988.
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Table 2-D-2
Maximum Predicted Mass Discharge
Waukegan Manufactured Gas & Coke Plant Site

Ratlo Between Vertically Averaged Concentration and Deep Groundwater Concentration: 0.17
. . Average . ischar
?’f(ng%oar;)a Phenol (Kg/day) (AKr;/edl“;) Ammonia Conc. é::,cp(h,:;z; Q:,?,CA?:SX): c[gl:t(;n?ir?ai:é Total Discharge
{mg/) water (gpm) | of water (gpm)

To Slip No. 4 16.15 1.90 0.15 1,077.9 126.5 9.7 2.75 16.19
To Harbor (EG) 5.68 0.22 0.01 685.3 26.4 1.5 1.52 8.95
Total Harbor (AG) 25.57 4.26 0.19 993.3 165.5 7.4 4.73 27.82
To Lake Michigan (JK) 22.88 8.32 0.62 1,100.0 400.0 29.8 3.82 22.48
To Breakwater Area (HJ) 13.70 1.97 0.44 908.9 130.7 29.2 2.77 16.29
To Lake Side 36.58 10.29 1.06 1,019.7 286.8 29.5 6.59 38.77
Longshore Current Zone 50.91 13.62 1.10 826.2 221.0 17.9 11.32 66.59
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Table 2-D-3
Lake Michigan Surface Water Model
Near Shore Mixing Zone
To Lake Michigan (JK)
Waukegan Manufactured Gas & Coke Plant Site

Lake Michigan

Ratlo Between Vertically Averaged Concentration and Deep

Groundwater Concentration: 0.17
Scenario Case 1 Case 2 Case 3
Average flow Low Flow High Flow

Current veloclity (m/s) 0.090 0.064 0.488
WCP site groundwater discharge, (m*3/day) 22.5 gpm 123 123 123
Lake segment Inflows (m*3/day) 1,417,322 356,358 2,715,112
Lake segment outflows (m~3/day) 1,417,445 356,481 2,715,235
Dilution factor based on surface water and groundwater
flows 11,570 2,911 22,163
Ratio between deep groundwater concentration and 59 59 59
vertically averaged concentration
Ammonia concentration in mixing zone (ug1) 16.14 64.2 8.43
Phenol concentration in mixing zone (ug/) 5.870 23.34 3.064
Arsenic concentration in mixing zone (ug/l) 0.437 1.739 0.228
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Table 2-D-4
Lake Michigan Surface Water Model
Near Shore Mixing Zone
To Breakwater Area (HJ)

Waukegan Manufactured Gas & Coke Plant Site

Lake Michigan

Ratio Between Vertically Averaged Concentration and Deep

Groundwater Concentration: 0.17
Scenario Case 1 Case 2 Case 3
Average flow Low Flow High Flow

Current velocity (m/s) 0.064 0.013 0.27
WCP site groundwater discharge, (m~3/day) 16.3 gpm 100 100 100
Lake segment inflows (m*3/day) 763,811 156,125 3,242,592
Lake segment outflows (m~3/day) 763,911 156,225 3,242,692
Dilution factor based on flow volume and average
concentration 7,640 1,563 32,428
Ratio between deep groundwater concentration and 59 59 5.9
vertically averaged concentration
Ammonia concentration in mixing zone (ugn) 17.93 87.69 4.22
Phenol concentration in mixing zone (ug/) 2.579 12.610 0.608
Arsenic concentration in mixing zone (ug/) 0.576 2.816 0.136
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Table 2-D-5
Waukegan Harbor Surface Water Model
Waukegan Manufactured Gas & Coke Plant Site

Waukegan Harbor

Ratio Between Vertically Averaged Concentration and Deep

Groundwater Concentration: 0.17

Scenario Case 1 Case 2 Case 3
Stormwater Inflows (m*3/yr) 432000 432000 432000
WCP site groundwater discharge, (m*3/day) 27.8 gpm 152 152 152
Lake inflows to Harbor (m~3/day) 57029 57029 57029
Reclprocal flows (m*3/day) 60479 184312 888871
Harbor outflow (m#3/day) 117509 241342 945900
Dilution factor based on surface water and groundwater
flows 800 1600 6200
Ratio between deep groundwater concentration and 5.9 5.9 59

vertically averaged concentration

Ammonia concentration In mixing zone (ugf) 220 110 30

Phenol concentration in mixing zone (ugf) 36 18 4.5

Arsenic concentration in mixing zone (ugh) 1.6 0.79 0.20
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Table 2-D-6

Lake Michigan Surface Water Model

Longshore Current Zone
Waukegan Manufactured Gas & Coke Plant Site

Lake Michigan
Ratio Between Vertically Averaged Concentration and Deep
Groundwater Concentration: 0.17
Scenario Case 1 Case 2 Case 3
Time-weighted average [Velocities are less than |Velocities are greater than
velocity this value 10 percent of [this value 10 percent of
the time the time

Current velocity (m/s) 0.082 0.026 0.158

WCP site groundwater discharge, (m*3/day) 66.6 gpm 363 363 363

Lake segment inflows (m~3/day) 17,768,678 3,250,863 34,242,425

Lake segment outflows (m*3/day) 17,769,041 3,251,226 34,242,788

Dilution factor based on surface water and groundwater

flows 49,000 9,000 94,000

Ratio between deep groundwater concentration and 59 59 59

vertically averaged concentration

Ammonla concentration in mixing zone (ug/) 2.87 15.7 1.49

Phenol concentration in mixing zone (ugfl) 0.767 4.19 0.398

Arsenic concentration in mixing zone {ug/) 0.062 0.338 0.032
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Table 2-D-7

Computed Surface Water Quality (Assuming Maximum Projected Groundwater Loading)

Surface Water Concentration'

Mixing Arsenic Phenols Ammonia
Ratio (ng/L) (nglL) (ng/L)

Lake Michigan Basin Water 148 chronic 100 15,000°
Quality Standards 340 acute
Waukegan Harbor, Calculated High (6,200:1) 0.20 45 30
Water Quality

Average (1,600:1) 0.79 18 110

Low (800:1) 1.6 36 220
Breakwater Area, Calculated High (32,000:1) 0.14 0.61 4.2
Water Quality

Average (7,600:1) 0.58 2.6 18

Low (1,600:1) 28 13 88
Lake Michigan Open Waters 50 1 20
Water Quality Standards
Lake Michigan East of Site, High (22,000:1) 0.23 3.1 8.4
Calculated Water Quality

Average (12,000:1) 0.44 5.9 16

Low (2,900:1) 1.7 23 64
Longshore Current Zone, High (90,000:1) 0.032 0.40 1.5
Calculated Water Quality

Average (50,000:1) 0.062 0.77 2.9

Low (9,000:1) 0.34 4.2 16
National Ambient Water 190 chronic | 117 chronic 1,490
Quality Criteria for the _ chronic
Protection of Aquatic Life

360 acute 2,010 acute | 2,600 acute

The computed surface water concentrations are highly conservative because, in addition to using the

peak groundwater mass flux, they do not account for natural attenuation mechanisms that remove

mass, such as anaerobic biodegradation, aerobic biodegradation, adsorption, and chemical changes.

In addition, un-ionized ammonia nitrogen must meet the following acute and chronic standards: April

through October, acute 330 ug/L, chronic 57 pg/L; November through March, acute 140 pg/L,

chronic 25 ug/L.

1349003\59097-1/DSD
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Appendix 2-F.  Potential Impact of Anaerobic Processes on Groundwater
Contaminant Fate along the Beach Transect of the
Waukegan Manufactured Gas and Coke Plant Site

Introduction

The lower 5 feet of the 25 to 30 foot thick sand aquifer at the Waukegen Manutuctured
Gas and Coke Plant (WCP) site 1s contaminated with elevated concentrations of phenols.
ammonia, thiocyanate. and arsenic. The deep groundwater chemically resembles the wastewater
generated by coal conversion or coal gasification processes. Anaerobic biological treatment can
treat coal conversion wastewater. and thus, should be able to treat the WCP site’s deep
groundwater. However, certain types of chemicals are not biodegraded under anaerobic
conditions. For example, ammonia is not biodegradable under anaerobic conditions. but 13
biodegradable under aerobic conditions. Aerobic conditions exist in the shallow portion of the
site’s sandy aquifer. This appendix focuses on the anaerobic attenuation of groundwater
contaminants found in the deep portion of the sandy aquifer.

A concern with the anaerobic biodegradation of phenol and other phenolic compounds 1s
that their high concentrations inhibit anaerobic biological activity. Phenol is a self-inhibitory
substrate, which means that higher concentrations of phenol result in slower rates of anuaecrobic
biodegradation (Suidan er al., 1988: Sdez et al.. 1991). If concentrations of inhibitory substrates
are sutficiently high, then the microbial biomass will be subject to a net decay. and there will be
no steady-state removal of the substrate (Gantzer. 1989). The reported upper limits of the phenol
concentration capable of supporting anaerobic steady-state phenol biodegradation range from
less than 100 mg/L (Sdez et al.. 1991) to greater than 1000 mg/L (Suidan er al., 1988).

The presence of para-cresol. ortho-cresol. and ammonia can also inhibit the anaerobic
biodegradation of phenol. Wang et al. (1988) reported that cresol concentrations of about
400 mg/L reduce the rate at which methanogenic bacteria degrade phenol by 50 percent. Blum ¢r
al. (1986) observed that para-cresol concentrations between 125 and 250 mg/L slow the
anaerobic biodegradation of phenol by 50 percent. No inhibition of anaerobic phenol
biodegradation was noticed in fluidized-bed GAC reactors when the sum of the orrhio- and mera-
cresol concentrations was less than 100 mg/L (Fox er al.. 1988). Un-ionized ammonia-nitrogen
concentrations greater than 55 mg N/L can cause the failure of methanogenic biorcactors
(Bhattacharva and Parkin, 1989).

The above discussion indicates that the anaerobic biodegradation of the phenaols found in
the deep groundwater at the WCP site is possible provided that sufficient dilution 1s available to
reduce the level of inhibition. There are several regions along the beach transect that could
supply the appropriate electron acceptors (e.g., sulfate) and the degree of dilution required for the
existence of anaerobic biologically active zones in the WCP aqulter As ilfustrated in Figure
2-F-1, one potential location for an anaerobic biologically active zone is just above the highly
contaminated region of the deep aquifer. Although the infiltration- dommdled hvdraulics of the
groundwater has created a highlv concentrated p]umc at the bottom of the aquifer. there is a
diluted layer immediately above the contaminated laver. This dilution may be sufficient to
support anaerobic biological activity. Sulfate diffusing upward from the plume and moving
downward with the infiltrating groundwater is available to support sulfate-reducing bacteria,
Other potentially capable anaerobic bacteria include various consortia of acid-formers und
methuanogens.

A second potential locution for an anaerobic biologically active zone is bencath Lake
Michigan. Phenol trunsport 15 retarded by adsorption on to aguifer solids. while sulfate is not
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slowed by adsorption. The differential transport of sulfate and phenol could create regions of
high sulfate concentrations and low phenol concentrations. The lower phenol concentrations
could result in the growth of phenol-degrading anaerobic bacteria. The resulting anaerobic
biodegradation of phenol would decrease the mass flux of phenol traveling toward Lake
Michigan. An aerobic biologically active zone located above the anaerobic biologically active
zone could result in further mass flux reductions.

The overall goal of this evaluation is to examine the potential impact of anaerobic
biological processes on the fate of phenols in the deep groundwater of the WCP site. In
particular, this study has the following two overall objectives:

1. Field data will be presented that indicate the existence of an anaerobic biologically active
zone just above the WCP aquifer bottom: and

2. The potential reduction in phenol flux toward Lake Michigan due to the aquifer-bottom
anaerobic biologically zone will be evaluated with mathematical modeling.

The aquifer-bottom anaerobic biologically zone is an intrinsic biological process. The ability of
this biologically active zone to process phenols can be improved by reducing the concentration
of phenols and/or the mass flux of phenols entering the biologically active zone.

Existence of the Aquifer-Bottom Anaerobic Biologically Active Zone

For this study, the beach transect is defined as a line running from monitoring well
MW-13 directly eastward to the Lake Michigan shoreline. During September of 1997, four
borings were placed along the beach transect using hydropunch sampling techniques.
Groundwater samples were collected from each boring at about 6-foot intervals from the water
table down to the till aquitard that defines the bottom of the sandy aquifer. The chemical analysis
results were plotted in terms of the horizontal and vertical position of the sampling location using
DeltaGraph™ (SPSS, Inc.), as presented later. The resulting contour graphs suggest the existence
of an anaerobic biologically active zone.

Chloride and ammonia are regarded as conservative tracers in anaerobic environments.
Both chemicals are not retarded by the sandy WCP aquifer. The source of the chlorde and
ammonia found in the deep portions of the aquifer is believed to be from aqueous dischurges
near the groundwater divide. Figure 2-F-2 illustrates the observed vertical concentration
gradients that exist for chloride and ammonia above the till. Both plumes have developed a
fringe that extends upward from the till to a thickness greater than 10 feet.

The concentration contour graph for sulfate is provided in Figure 2-F-3. The important
observation is the existence of a “hole™ in the sulfate contour graph at about 10-feet ubove the
till. The analytical detection limit for sulfate was 2 mg SO,7/L, which makes the 1-mg/L contour
below detection. This region of undetectable sulfate concentrations could be the result of sulfate-
reducing bacteria using the sulfate as the terminal electron acceptor in the biodegradation of
organic compounds traveling upward from the plume. The concentration contour graph for
phenols (i.e.. the total phenol concentration measured by the 4-AAP method) is provided in
Figure 2-F-4 and also shows a concentration “hole™ at about 10-feet above the till. The “hole™
overlap suggests that sulfate-reducing bacteria are growing and consuming phenols.

Figure 2-F-4 also illustrates that the vertical concentration gradient for the phenols is
compressed compured to the chloride and ammonia gradients. Concentrations of chloride and
ammonia dropped by 99 percent over a vertical distance of 10 feet. In contrast, the phenols
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concentration dropped by 99 percent over a distance of 5 feet. The difference in vertical
concentration gradients between the phenols and chloride can be illustrated by plotting the ratio
of the phenols concentration to the chloride concentration. As illustrated in Figure 2-F-5. the
phenol to chloride ratio drops by a factor of 5 over the bottom 7.5 feet of the aquifer. The sharper
phenols concentration gradient and the phenols concentration “hole™ strongly suggest that the
phenols are being anaerobically biodegraded just above the highly concentrated zone at the
aquifer bottom. Retardation of the phenols by adsorption to aquifer solids could accentuate the
gradient by slowing vertical transport.

The vertical concentration gradient for arsenic is also sharper than the chloride and
ammonia concentration gradients. Figure 2-F-6 illustrates that the soluble arsenic to chlonde
ratio drops by a factor of 5 over the bottom 7.5 feet of the aquifer. Significant retardation of
arsenic is unlikely in the WCP aquifer. This suggests that the compressed vertical concentration
gradient for arsenic was created by some removal mechanism other than dilution.

A possible removal mechanism for soluble arsenic is related to the production of sulfides
by the sulfate-reducing bacteria. Soluble arsenic in the presence of sulfide can produce As.S.,
which is a stable precipitate (Battelle, 1995). Thus, the possible arsenic removal process has the
following steps: (1) the dilution of the phenols and a lessening of inhibition, (2) when inhibition
is sufficiently reduced, sulfate-reducing bacteria degrade the phenols and generate sulfide. and
(3) the biologically-generated sulfide precipitates the arsenic.

In summary, the contour graphs for the September 1997 sampling of the beach transect
suggest that an anaerobic biologically active zone exists above the concentrated plume. The
absence of detectable sulfate and the low concentration of phenols above the plume suggest the
presence of sulfate-reducing bacteria capable of biodegrading phenols. It is expected that the
phenols can only be degraded after dilution.

Modeling Anaerobic Biodegradation along the Beach Transect

The contour graphs presented above suggest the presence of an anaerobic biologically
active zone Jocated above the contaminated plume at the bottom of the aquifer. The graphs
suggest that at least one component of the anaerobic biologically active zone are sulfate-reducing
bacteria. While the contour graphs suggest the existence of the anaerobic biologically active
zone. they do not indicate the degree by which contaminant mass flux rates to Lake Michigan are
reduced. Not all of the deepest geoprobe sample intervals were located immediately above the
till. This precludes the calculation of mass flux rates, because the most highly-concentrated
plume may not have been sampled. Mathematical modeling was used to estimate the potential
reduction 1n mass flux of phenols to Lake Michigan due to the presence of the anaerobic
biologically active zone.

A two-dimensional transport model with anaerobic biodegradation was used to predict
the concentrations of phenols. sulfate, and sulfate-reducing bacteria along the beach transect. The
two-dimensional transport model only considers the longitudinal (horizontal. or x-direction)
velocity component of groundwater flow. With no vertical velocity component, the model
represents all vertical transport in the aquifer as vertical dispersive mixing. Calibration of the
transport model to the observed chloride concentration profile (Figure 2-F-2) indicated that the
apparent vertical dispersivity along the beach transect is small. The calibrated model assumed
that the ratio of the longitudinal to vertical dispersivities (¢/ct,) 1s 1000. which is large compared
to the « /e, value of 100 often used in groundwater modeling (Frind and Germain. 1980). The
small vertical dispersivity may reflect the downward advectuive influence of the infiltraung water.
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The initial set of intrinsic biological rate constants yielded an S, value for the phenols
of 188 mg/L. S, 1s denived from Haldane inhibition kinetics and represents the maximum
steady-state concentration that will support a population of capable microorganisms. The
predicted sulfate and phenols concentrations are provided in Figures 2-F-7 and 2-F-8,
respectively. Figure 2-F-7 illustrates that the model predicted a sulfate concentration “hole™ at a
location similar to that observed in the field (Figure 2-F-3). The wedge shape of the predicted
sulfate concentration “hole” is due to the model not considering the downward advective
transport of sulfate-carrying infiltration water from the water table. Figure 2-F-8 illustrates that
when the model included phenol biodegradation by the sulfate-reducing bacteria. the vertical
concentration gradient for the phenols was sharpened. However, the predicted phenols gradient
was not as great as that observed in the field. This suggests, along with the smaller than observed
region of low sulfate concentrations, that kinetic coefficients resulting in higher S, values (i.c..
less inhibition) could better match the observed beach transect conditions.

Figure 2-F-9 provides the predicted distribution of sulfate-reducing bacteria fora §,,,,
value equal to 188 mg/L of phenols. The predicted maximum bacterial concentrations are located
around 5 feet above the till. The predicted region of reduced sulfate concentrations is located
between 7.5-feet and 10.0-feet above the till. Thus, the modeling suggests that capable sulfate-
reducing bacteria would be expected to occur just below the region of low sulfate concentrations.

The predicted reduction in the mass flux of phenols to Lake Michigan is 20 percent for
the S,,,, value of 188 mg/l phenols. As shown in Figure 2-F-10, higher or lower S, values than
188 mg/L will yield more or less phenol removal, respectively. However, decreasing the
inhibition beyond the S, value of 376 mg/L has little effect on the maximum predicted
reduction in mass flux, 40 percent.

In summary, the two-dimensional transport model with anaerobic biodegradation was
able to predict the observed region of low sulfate concentrations and the observed compression
of the phenol concentration gradient. The modeling results suggest that the sulfate-reducing
bacteria can reduce the mass flux of phenols to Lake Michigan by 20 percent, and that the
reduction in mass flux could be as high as 40 percent.
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Figure 2-F-1. Schematic diagram showing the location of two potential anaerobic
biologically active zones capable of biodegrading the phenols found in the deep portion
of the WCP site aquifer. Potential aerobic biologically active zones exist above the two
anaerobic biologically active zones. The diagram is not drawn to scale.
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Figure 2-F-2. Chloride and ammonia concentrations along the beach transect. Both
concentration profiles show an upward spreading of the respective plumes.
Concentrations are expressed in mg/L for both chemicals.
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Figure 2-F-4. Concentration of phenols (mg/L) along the beach transect. Note the
concentration “‘hole’” at 10-feet above the till.
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Figure 2-F-5. Ratios of the phenols concentration to the chloride concentration along the
beach transect. The factor of S decrease in the ratio over the bottom 10 feet of the
aquifer indicates that the vertical concentration gradient for the phenols is sharper than
that for chloride, which suggests the existence of a possible phenol removal mechanism

(e.g., anaerobic biodegradation).
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Figure 2-F-6. Ratios of the soluble arsenic concentration to the chloride concentration
along the beach transect. The factor of 5 decrease in the ratio over the bottom 7.5 feet of
the aquifer indicates that the vertical concentration gradient for the arsenic is sharper
than that for chloride, suggesting the existence of a possible arsenic removal
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Figure 2-F-7. Predicted sulfate concentrations in mg/L for the beach transect with a
phenols S, value of 188 mg/L. Note the sulfate concentration **hole” at about 10-feet

above the till.
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Figure 2-F-8. Comparison of the predicted phenols concentrations for transport alone and
for transport with anaerobic biodegradation. Including the predicted activity of the
sulfate-reducing bacteria (S, = 188 mg/L) results in a steeper vertical concentration

gradient.
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Figure 2-F-9. Predicted distribution of sulfate-reduction bacteria assuming a phenols S_,,
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Appendix 2-G.  Potential Impact of Aerobic Biological Processes on
Groundwater Contaminant Fate in the Waukegan
Manufactured Gas and Coke Plant Site Aquifer

Introduction

A continuous 25 to 30 foot thick sand aquifer exists beneath the Waukegan Manufactured
Gas and Coke Plant (WCP) site. The aquifer has a 5-foot thick sand vadose zone above and a till
aquitard below. The groundwater quality data contained in the Remedial Investigation (RI)
Report and data subsequently collected in July/August 1996 and September 1997 indicate a
vertically stratified distribution of contaminants in the aquifer. Groundwater samples indicate
that the lower 5 feet of the aquifer is contaminated with elevated concentrations of phenols.
ammonia, thiocyanate, and arsenic. The upper 20 feet of the aquifer only contains trace amounts
of these compounds. As presented in Appendix 2-C, the hydraulic effects associated with the
historical aqueous discharges near the groundwater divide and the advective transport by
infiltration at the site once the plant was demolished and the site was graded can explain the
stratification of the dissolved chemicals. However, groundwater hydraulics can not completely
explain why the upper aquifer beneath the groundwater divide is free of organic compounds that
are retarded by adsorption onto aquifer solids (e.g., phenol). Aerobic biodegradation of the
residual organic compounds can help explain their absence in the upper aquifer. The aerobic
biodegradation of phenol beneath the location of the groundwater divide is one instance where
intrinsic aerobic biological processes are either remediating the WCP aquifer or reducing
contaminant migration. This appendix focuses on the potential impact of aerobic biological
processes on groundwater contaminant fate in the WCP aquifer.

The concentrations of phenols, ammonia, and thiocyanate found in the lower WCP
aquifer resemble those found in wastewater generated by coal conversion or coal gasification
processes. Aerobic biological treatment processes can treat coal conversion wastewater. A
biotreatability study performed with WCP groundwater demonstrated the ability of aerobic
microorganisms to biodegrade the phenols, ammonia, and thiocyanate found in the WCP site
groundwater (Fluor Daniel GTI, 1998). However, successful aerobic biological treatment of the
WCP groundwater collected from the bottom 5 feet of the aquifer required dilution to remove the
inhibitory nature of the groundwater. Once the inhibition was removed, the biodegradation
kinetics for each of the three compounds was consistent with previously published work
examining the aerobic biological treatment of coal conversion wastewater. The biotreatability
study also demonstrated the presence of phenol- and thiocyanate-degrading aerobic bacteria in
the WCP site soil.

The ultimate sources of oxygen for aerobic biological activity in the WCP aquifer are
atmospheric oxygen and the dissolved oxygen found in the Lake Michigan water column. The
gaseous diffusion of oxygen through the air-filled pores of the vadose zone provides a greater
oxygen flux to the aquifer than does oxygen delivery via infiltrating water. Air-equilibrated
water at 12°C and infiltrating at about | ft/year provides an oxygen dehver) rate to the aquifer of
0.01 g O./m*/day. As shown in Figure 2-G-1, the predicted gaseous oxygen flux across the 5-foot
thick vadose zone varies with the dissolved oxygen concentration at the water table. When the
water table dissolved oxygen concentration is 10.5 mg/L (almost at saturation for 12°C water),
the oxygen fluxi1s 0.13 g 0. J/m*/day. The gaseous oxygen flux across the vadose zone is at least
13 times greater than oxygen delivery via “the infiltration water. Any oxygen not consumed at the
water table is lransponed deeper into the aquifer by advection. In this manner, atmospheric
oxvgen is available for the aerobic biodegradation of residual organic compounds found in the
upper aquifer and of any biodegradable compounds migrating upward through the anaerobic
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biologically active zone located 10-foot above the till. This anaerobic biologically active zone is
described in Appendix 2-F.

The other source of oxygen for aerobic biodegradation is the dissolved oxygen found in
the Lake Michigan water column. Mixing in the near-shore water column allows oxygen-
saturated lake water to be in intimate contact with the sandy lake sediments. This mixing can
provide up to 16 g O./m*/day to the lake/sediment interface, based on an assumed effective
diffusion layer thickness of 100 microns. A representative sediment oxygen demand for sandy
sediments is 0.5 g O./m*/day (Thomann, 1987). Thus, up to 15.5 g O./m" /day is available for the
aerobic biodegradation of compounds migrating toward the lake/sediment interface. This excess
oxygen flux can meet the stoichiometric oxygen requirement for the biological oxidation of the
phenol, thiocyanate, and 84 percent of the ammonia that could approach the lake/sediment
interface, based on the hydraulics presented in Appendix 2-C. Thus, the aerobic biologically
active zone located beneath the lake/sediment interface can have sufficient oxygen to biodegrade
compounds that escape from the anaerobic biologically active zone located deeper in the lake
sediments.

Evidence of Aerobic Biologically Active Zones

During September of 1997, groundwater samples were collected from four borings along
the beach transect using hydropunch sample techniques. The beach transect is defined as a line
running from monitoring well MW-13 directly eastward to the Lake Michigan shoreline.
Groundwater samples were collected at about 6-foot intervals from the water table down to the
till aquitard. The field-measured dissolved oxygen concentrations were used to develop
Figure 2-G-2. The contour lines generated by the DeltaGraph™ (SPSS, Inc.) software indicate
the absence of oxygen (i.e., concentrations less than 0.1 mg/L) for significant portions of the
aquifer. The closeness of the plotted oxygen depletion zone to the Gl suggests that the
responsible aerobic biologically active zone (BAZ) is consuming compounds not entirely
removed by the aquifer-bottom anaerobic BAZ.

Mathematical modeling was performed to estimate the location of the aquifer-bottom
aerobic BAZ. The two-dimensional transport model described in Appendix 2-F was expanded to
include both anaerobic and aerobic biodegradation of phenols. The kinetic coefficients used to
describe the aerobic biodegradation of the phenols were obtained from the Biotreatability Study
(Flour Daniel GTI, 1998). As illustrated in Figure 2-G-3, the predicted oxygen depletion zone
has a similar extent to that observed in the field. The predicted oxygen depletion zone would be
larger if the aerobic biodegradation of thiocyanate and ammonia were considered. The predicted
distribution of aerobic phenol-degrading microorganisms is provided in Figure 2-G-4. The
location of the modeled aerobic BAZ just above anaerobic BAZ suggests that the two BAZs are
curtailing any upward migration of contaminants. It should be emphasized that the model only
considers the horizontal advective transport of oxygen. By not considering the downward
advective transport created by infiltration, the model is quite conservative in estimating oxygen
delivery rates to the aerobic BAZ. Thus, the actual BAZ is probably functionally more important
than indicated by the modeling.

In addition to the oxygen depletion zone or concentration “hole” located between 10 to
15 feet above the till, other evidence for aerobic BAZs at the WCP site includes the lack of
detectable or significant water-phase concentrations of residual organic compounds in the upper
aquifer at the groundwater divide. For example, the phenol concentrations in groundwater
samples from monitoring well MW-78S have been less tnan 0.022 mg/L. These low observed
concentrations suggest aerobic biological activity in the upper aquifer, because infiltration alone
can not explain these low concentrations. Because monitoring well MW-7S is located at the
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groundwater divide. there is no horizontal water flow. The only water available for flushing
residual phenol is the infiltrating precipitation of 11.5 inches per year. If there were no aerobic
activity, then detectable water-phase concentrations of phenol are expected, because infiltrating
precipitation has been insufficient to flush all of the phenol out of this area.

Figure 2-G-5 illustrates the predicted water-phase phenol concentrations without
biodegradation as a function of time since the aqueous discharges near the groundwater divide
ceased. A retardation factor for phenol of 2.52 was assumed. The one-dimensional transport
model suggests that water-phase phenol concentrations of about 45 mg/L should be measured in
groundwater samples from monitoring well MW-78§ after 30 years of flushing with 11.5-inches
of infiltration per year. Because the observed concentration of 0.022 mg/L i1s much less than the
predicted concentration of 45 mg/L, the field data and transport-alone modeling results suggest
that additional phenol removal mechanisms beyond hydraulic flushing have reduced phenol
concentrations in the upper aquifer at monitoring well MW-7S.

The one-dimensional transport model was expanded to consider the impact of aerobic
biodegradation on water-phase phenol concentrations in the upper aquifer at monitoring well
MW-7S. When aerobic biodegradation was considered, Figure 2-G-6 illustrates that the
predicted water-phase concentrations in the upper aquifer are less than 0.0023 mg/L. Thus, one
explanation for the low observed water-phase phenol concentrations at monitoring well MW-7S
1s aerobic biodegradation.

Summary

Biological processes have had and continue to have an impact on the fate of groundwater
contaminants in the WCP aquifer. Appendix 2-F indicated that anaerobic biological processes
can account for substantial mass flux reductions in contaminants traveling toward the Lake
Michigan shoreline. This appendix provides evidence that aerobic biologically active zones also
exist in the in the WCP aquifer. The physical setting of the aquifer can provide oxygen to the
aerobic BAZs by gaseous diffusion across the vadose zone and by aqueous diffusion across the
water/sediment interface beneath Lake Michigan. Modeling suggests that sufficient oxygen is
available to account for the observed lack of phenol beneath the location of the groundwater
divide. The size of the oxygen depletion zone along the beach transect indicates spatially large
regions of aerobic biological activity. The combination of field data and modeling results suggest
that aerobic microorganisms played an important role in cleansing of the upper aquifer and
continue to prevent the upward migration of contaminants from the bottom 5 feet of the aquifer.
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Appendix 3-A

Future Land Use Considerations

This appendix follows the CERCLA guidance document, Land Use in the CERCLA Remedy
Selection Process, OSWER Directive No. 9355.7-04, dated May 25, 1995, in assessing the

appropriate future land uses for consideration of remedial alternatives for the site.

As stated in Land Use in the CERCLA Remedy Selection Process (U.S. EPA., 1995d), “remedial
action objectives developed during the RI/FS should reflect the reasonably anticipated future land

use or uses.”

The guidance lists sources and types of information that may aid the U.S. EPA in determining the

- reasonably anticipated future land use. Those potentially applicable to the WCP site are as follows:
e Current land use
* Zoning laws
e Comprehensive community master plans
e Population growth patterns and projections (e.g., Bureau of Census projections)
* Accessibility of site to existing infrastructure (e.g., transportation and public utilities)
e Institutional controls currently in place
¢ Site location in relation to urban, residential, commercial, industrial, agricultural and
~

recreational areas
e Historical or recent development patterns
e Natural resources information
* Potential vulnerability of groundwater to contaminants that might migrate from soil
* Proximity of site to critical habitats of endangered or threatened species

e Geographic and geologic information

Information from these sources, gathered during the RI/FS work, is briefly summarized or

referenced in the sections below. Several of the categories are combined for the sake of brevity.
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Current Land Use

OMC and Larsen Marine are the current owners and tenants at the site. Most of the site is vacant
land. However, there are buried foundations and debris in many areas, left over from OMC'’s

demolition of the former coke plant in about 1972. The portion of the property occupied by OMC is
used for industrial purposes, including office space and parking. ‘Larsen Marine uses the property

to store boats and has an option to purchase large portions of the property.

OMC has industrial operations, parking, and offices on a small pertion of the southeast corner of
the site and manufacturing operations adjacent to the site, on the south at OMC Plant No. 1 and on
the north at OMC Plant No. 2. The OMC office building (the old office building from the
manufactured gas and coke plant) and the OMC “data” building just north of the OMC office —
building are located on the southeast corner of the site, as shown on Figure 2-1 (Section 2). The
southeast corner of the site is the only portion of the site in active use by OMC. This area is
covered by lawn, parking lots, buildings, and landscaping. Subsurface work, such as repair of
subsurface installations (i.e., utilities and sprinkler systems), has occurred on occasion in this
limited area, but not every year. Subsurface and utility work is not normally performed in the

inactive portion of the site.

The land currently occupied at the site by Larsen Marine is located at the northwest corner of the
site. The Larsen operations at the site are service and storage of boats, and operations at the boat
slip. Nearly all the land that Larsen Marine controls is covered with buildings, pavement, or

gravel. Areas without a cover material are found east and south of Slip No. 4 or in Larsen’s outer

fenced area that Larsen uses for storage of boat trailers and cradles and wintering of boats.

OMC and Larsen Marine have expressed intentions to expand operations similar to their current
activities onto the site in the future. Larsen Marine has a legal right to expand their operations
onto large portions of the site, and is expected to develop the property consistent with their existing
facility. It is also reasonable to expect that future OMC expansion on the WCP property will be

similar to the current OMC land use at and adjacent to the property- -

The anticipated future land use by current owners and tenants is commercial and industrial.
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Zoning Laws and Maps

The zoning at and around the WCP site is shown on Figure 2.2-1 of the RI report. The City of
Waukegan zoning ordinance and map shows the northern portion of the WCP site, at and adjacent
to Larsen Marine, for marine/commercial recreation use. This zoning category is for commercial
operations that support the recreational marine market. The same zoning applies across the

harbor southwest of the site.

The southern portion of the site is zoned general industrial, as is the area north of the site and
west of the harbor. This zoning category is for industrial use, as typified by OMC'’s operations and
National Gypsum’s facility west of the harbor.

South of OMC Plant No. 1 and east of Sea Horse Drive, the zoning is conservation/recreation, and

includes the public beach and the city waterworks.

Comprehensive Community Master Plans

The Waukegan comprehensive land use plan, adopted on June 6, 1988, shows the planned future
use for the site is industrial. The beach is classified as recreational open space, and the

waterworks is mapped as publi¢/semi-public future land use.

Population Growth Patterns, Accessibility of Site to Existing Infrastructure, and
Historical or Recent Development Patterns

The 1980 population of the City of Waukegan was 67,653, and the 1990 population was 69,392, an
increase of 2.6 percent from 1980. The site has access to the harbor and is well served by utilities
and roads. The Waukegan waterfront has historically been industrial land. Patterns of growth in
Waukegan have not put residential development pressure on the lakefront. Rather, marine/
commercial recreational development has expanded in the area. The construction of New South
Harbor and the Port Authority facility has added nearly 1,000 boat slips to Waukegan, increasing
the pressure to expand support functions such as those contemplated in the marine/commercial

recreation zoning category.

Institutional Controls Currently in Place

The Waukegan Harbor Superfund site, which encompasses the WCP site, is the location of
hazardous waste land units operating under TSCA authorizations. As a condition of the Consent

Decree for the Superfund site, OMC may not transfer the subject property, including the WCP site,
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without prior notice to the U.S. EPA. The OMC Consent Decree also requires that notice of the site
restrictions be provided to prospective purchasers. Land use restrictions are expected to be

imposed, or if not, additional analysis of residential scenarios may be needed.

Site Location in Relation to Urban, Residential, Commercial, Industrial,
Agricultural and Recreational Areas

The presence of three hazardous waste containment cells for PCBs on OMC and former Larsen
Marine property in the vicinity of the site is consistent with the industrial character of the current
and anticipated future land use. As noted in the discussion of zoning above, the site is surrounded
on the north, west, and south by commercial and industrial land and a harbor. To the east lies
Waukegan Beach, a city open space/park/recreational area. Portions of the site have been used in

the past for overflow parking during major events at Waukegan Beach.

The lakefront area is cut off from the commercial and residential centers of Waukegan by the
Amstutz Expressway. East of the expressway (on the Waukegan Harbor side), the area is

dominated by land uses that are industrial (including railroad), commercial marine, and public.

Natural Resources Information, Groundwater Vulnerability, Critical Habitats, and
Geographic and Geologic Information

The ecological considerations for the site and vicinity are presented in the RI report. Other
information related to geology, groundwater conditions, and contaminants is presented in detail

elsewhere in the RI and FS.

An important consideration is the use of surface water adjacent to the peninsula, which includes
fishing at Waukegan Harbor and Lake Michigan and swimming in Lake Michigan. The harbor
serves commercial shipping, including raw materials delivery to National Gypsum, cement delivery,
and barge and tug mooring. The harbor provides access to maintenance facilities for recreational
boating, and has marina facilities. Lake Michigan serves the commercial shipping industry,
commercial and recreational users, and the businesses and communities around the lake. Future

uses of the lake and harbor are expected to be consistent with current use.
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Groundwater Use

No known drinking water wells exist onsite or in the immediate vicinity of the Waukegan Harbor

peninsula. The site groundwater is not currently used for any water supply. Furthermore:

City water is available at Sea Horse Drive.

e The Waukegan zoning code prohibits wells in new residential developments where city

water is available.
*» Waukegan restricts the installation of industrial wells.

» The City of Waukegan is expected to adopt an ordinance specifically prohibiting the

placement of residential water supply wells within the city limits.

* The contamination present in the site groundwater precludes authorization of drinking
water wells at the site in the future because the state well code requires a permit for well
installation, and the Health Department denies permits when it is known that

contamination exists.

¢ The county has adopted the Health Department guidelines. In addition, the county also

prohibits installation of wells within a certain distance of contaminated areas.

These constraints prohibit placement of individual water wells.

Conclusion from Land Use Review

From this review, it is clear that the past land use at the WCP site has been industrial and
commercial. The current use for the property is industrial and commercial. Planned future use of
the property would most likely be industrial or commercial. Residential use is neither a past,
present, nor likely intended future use of the site and would be inconsistent with the current
industrial and commercial uses such as the PCB disposal cells adjacent to the site. Land use
restrictions are expected to be imposed, or if not, additional analysis of residential land use
scenarios may be needed. Industrial and commercial land use is consistent with the surrounding
land uses. Adjacent land use is open space, used for public purposes. It is reasonable to expect
that portions of the site may be used for support of the open-space uses of Waukegan Beach—

support includes such functions as supplementary parking or green space.
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It is the conclusion of this review that the “reasonably anticipated” future land use at the WCP site
does not include residential development. “Reasonably anticipated” future land uses expected and
planned for the site are industrial and commercial. The possibility of recreational support uses,

such as parking and green space, is consistent with adjacent land uses.
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Appendix 3-B

Development of Target Soil Concentrations
Protection of Human Health

The target soil concentrations (TSC) for protection of human health were derived through use of
standard risk equations and default assumptions or a combination of default and site-specific

assumptions as presented in the following EPA guidance documents:

e Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual

Part A, 1989

+  Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual

Part B, Development of Risk-Based Preliminary Remediation Goals, 1991
»  Soil Screening Guidance: Technical Background Document, 1996
«  Exposure Factors Handbook, 1989, 1996
+  Dermal Exposure Assessment: Principles and Applications, 1992

TSC Approach

TSCs were developed using models identical to those used in standard EPA risk assessments.
However, with the TSC approach, an acceptable level of risk (i.e., 10*, 10° 10°) was predetermined,
and the corresponding acceptable target concentrations of the chemicals of concern were calculated

for site-specific exposure scenarios for the site.

The overall approach used in the development of risk-based cleanup goals consisted of the following
steps:

1. Selection of target chemicals

2. Definition of future site use

3. Definition of exposure conditions

4

Toxicity assessment

an

Development of target concentrations for the preliminary remediation goals
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Target Chemicals

Based on the HHRA completed for this site, the primary contaminants of concern in soil were
carcinogenic PAHs and arsenic (U.S. EPA, 1995a). The TSCs also consider the COCs identified for
the site in the HHRA—PCBs, benzene, dibenzofuran, 4-methylphenol, and naphthalene.

Future Site Use

Future site use is considered to be industrial and/or commercial. A detailed assessment of future

land use considerations is presented in Appendix 3-C.

Exposure Conditions

TSCs are developed based on the extent to which an individual would be likely to come into contact
with the target chemicals detected in soils (i.e., the potential for exposure). The exposure
assumptions used to develop TSCs for the site were formulated through consideration of the site
future land use, potential human receptors, potentially complete exposure pathways, and exposure

routes.

Considerable judgement is involved in the development of exposure conditions. In developing the
PRGs in the HHRA, two sets of exposure conditions—reasonable maximum exposure (RME) and
central tendency exposure (CTE)—were evaluated. In developing the TSCs, a new set of exposure
conditions is used—representative high exposure (RHE). The significant distinctions between these
exposure conditions are highlighted in the following paragraphs. Each of these exposure scenarios

includes a combination of default EPA values for risk assessment as well as site-specific values.

Exposure Pathways

An exposure pathway consists of a contaminated source (i.e., soil), a point of potential contact for
humans with the contaminated source, and an exposure route (i.e., ingestion of contaminated soil).

The following paragraphs describe these pathways and site-specific conditions.
Soil Pathway—Based on the anticipated future land use, the potential for direct human contact
with site soils was assumed to be a viable exposure pathway. It was assumed that the potential

human receptors may ingest or come in contact with soils as a result of the following activities:

1. Exposure of construction/utility workers to surface and subsurface (upper 5 feet) soils.
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2. Occupational exposure to surface soils at the redeveloped site during normal

commercial/industrial land-use activities.

Air Pathway—Contaminants in surface soils could be released to the ambient air through wind-
driven erosion or mechanical suspension. The significance of the ambient air inhalation pathway
depends on site conditions such as the human behavior patterns, the degree of soil disturbance, the
soil chemical concentrations, meteorological conditions, soil moisture, and related soil properties.
The air pathway was included in developing the TSCs for the construction/utility and

commercial/industrial land use activities.

Exposure Routes

In the development of TSCs, it was assumed that utility, construction, and commercial/industrial
workers could be exposed to target chemicals in soil by three exposure routes: incidental soil
ingestion, dermal contact with soils, and inhalation of particulates and volatiles released from soils.
In developing the PRGs in the HHRA, the U.S. EPA used all three exposure routes for all chemicals
of concern except for cPAHs and PCBs. For these compounds, the HHRA did not consider
inhalation exposure due to a lack of inhalation toxicity values. In addition, the dermal exposure
was assumed to be equivalent to exposure from ingestion in accordance with IEPA guidance. In
developing the TSCs, inhalation is treated in the same manner as the PRG calculations. However,
dermal contact exposure is considered separately from ingestion because new values for dermal
exposure are available in accordance with U.S. EPA guidance (U.S. EPA, 1998). The specifics of the

three exposure scenarios are summarized below and in Table 3-B-1.
e Utility Worker

For the utility worker exposure scenario, it was assumed that a utility worker would be
exposed to the upper 5 feet of contaminated soil (the entire depth of the vadose zone) over
an exposure domain of approximately 2 acres. This corresponds to one utility construction
crew building three utility lines—storm sewer, sanitary sewer, and water lines—along the
entire north-south dimension of the site. The exposure frequency was considered to be from
8 to 15 days for the CTE and RME scenarios. For the RHE scenario, this was increased to
60 days based on an estimate of 30 days to perform the work, and an allowance of a factor
of 2 for uncertainty in work efficiency. The soil ingestion rate of 216 to 480 mg/day for the
CTE and RME exposure scenarios was reduced slightly to 200 mg/day for the RHE scenario

based on the mechanized nature of most utility construction work. Finally, for dermal
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contact, the CTE and RME exposures used a skin area of from 5,000 to 5,800 cm” with an
adherence factor ranging from 0.2 to 1.0 mg/cm?®. For the RHE exposure scenario, the value
of 5,800 cm? of exposed skin was retained as this is representative of the hands, arms and
head. However, the low value of 0.2 for adherence of soil to skin was used as this

represents an upper bound for irrigation installers.
Construction Worker

For the construction worker, it was assumed that a construction worker would be exposed
to the upper 5 feet of contaminated soil over an exposure domain of approximat‘ely 2to5
acres. This corresponds to construction of a foundation for a structure the size of OMC’s
Plant No. 1 south of the site. The exposure frequency used was from 18 to 21 days for the
CTE and RME scenarios. For RHE, the exposure frequency was increased to 30 days. Soil
ingestion and adherence values for the construction worker scenario were considered
equivalent to those used for the construction worker for RME, CTE, and RHE exposure

scenarios.
Commercial or Industrial Workers

To develop a basis for potential occupational exposure under the commercial/industrial
scenario, it was assumed that the exposure domain would be on the order of 5 acres.
However, most of the site will be covered (soil and vegetation, gravel, asphalt or concrete
and buildings), thus limiting exposure. For the RME and CTE scenarios, the exposure
frequency was assumed to be 165 days per year with the exposure duration varying from
9 to 25 years. For the RHE scenario, it was assumed that workers may be outdoors for
lunch or other activities for 97.5 days/year (the estimated number of decent weather, non-
vacation days per year) over a 25-year period. Incidental ingestion was assumed to be from
0.825 to 8.05 grams of contaminated soil per day for CTE and RME, but was reduced to
0.002 for RHE in order to reflect the time spent outdoors in proportion to the total.
Similarly, the soil adherence factor ranged from 0.2 to 1.0 for CTE and RME, but was
reduced to .043 for RHE. The significantly lower values for RHE were used because it
better represents credible exposure values, as explained below. Realistically, after
redevelopment it is likely that there will be no opportunity for these workers to contact

subsurface soils.
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As previously mentioned, the RME and CTE values are typical of conservative preliminary
remediation goals, but may be overly conservative for evaluating potential remedial actions during
a feasibility study. By comparison, the target soil concentrations caiculated using the RHE
exposure scenario represent appropriate level of risk for consideration of site-specific future
conditions. For most compounds, the exposure conditions which have the greatest sensitivity with
regard to future risk are the assumed ingestion rate, exposed skin area, the soil adherence factor,
and the exposure frequency. For example, the relatively high ingestion rates considered in the
RME and CTE scenarios for the utility/construction worker scenarios exceed the ingestion rate used
in the RHE scenario of 200 mg/day. This value is based on an upper value for irrigation installers
and is therefore more representative of a reasonable upper bound for ingestion by utility/

construction workers.

Similarly, the ingestion rate, exposed skin area, and exposure frequency for the reasonable high
exposure scenario (2 mg/day, 840 cm? and 97.5 days/yr) represent upper bound values for future
exposure scenarios when considering the limited extent of likely outdoor activities for future
industrial/commercial workers and the likely limited exposure to bare soil surfaces. Most new
industrial/commercial facilities incorporate significant pavement and landscaping, and most
commercial/industrial workers spend the majority of the working day indoors. The soil adherence
factor, 0.043 mg/cm?, is based on soil adherence to the hands of greenhouse workers. Soil
adherence factors of 0.2 mg/cm? and 1.0 mg/cm? correspond respectively to irrigation installers
(hands only; arms, legs and face were 0.02 mg/cm® or less) and a factor between reed gatherers

(hands) and the high-end amount for rugby players.

Toxicity Assessment

The chemical concentration in soil that is considered safe depends, in part, on the inherent
chemical toxicity. The toxic effect of a chemical also depends on the dose or concentration of the
substance to which an organism is exposed. Toxicity values describe the quantitative dose-response
relationship between the chemical dose to which an organism is exposed and the incidence of
adverse health effects. The toxicity value for a chemical may differ depending on the route by

which an organism is exposed (i.e., by ingestion, inhalation or through dermal contact).
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Cancer Risk

The dose-response relationship for carcinogens is expressed as a cancer slope factor or unit risk
factor. Generally, the slope factor is a plausible upper-bound estimate of the probability of a
response-per-unit intake of a chemical over a lifetime. The slope factor is usually, but not always,
the upper 95th percent confidence limit of the slope of the dose-response curve and is expressed as
the probability of a response per milligram of chemical per kilogram of body weight per day
(mg/kg-day)”. In risk assessment, the slope factor is used to estimate an upper-bound lifetime
probability of an individual developing cancer as a result of exposure to a carcinogen. A unit risk

factor is analogous to the slope factor but is expressed in units of (ng/m®)*.

Toxicity values derived by EPA for carcinogenic effects were used to develop the TSCs.

Development of TSCs

The acceptable risk levels for cancer and noncancer effects to determine site cleanup goals is a
policy decision, not a risk-based decision. The State of Illinois guidance provides a cancer target
risk value of one excess cancer-in-one-hundred-thousand (10®°) over background risk level for the

cancer endpoint. This risk criterion was used in the development of the TSCs.

To calculate the acceptable soil concentration for the inhalation pathway, a particulate emission
factor (PEF) and volatilization factor (VF) were derived based on guidance provided in EPA’s RAGS

part B and Soil Screening Guidance document.

To calculate the PRGs, the exposure conditions are combined with the toxicity/cancer risk data for
each of the chemicals of concern. The risk values for various soil exposure conditions are

summarized in Table 3-B-2.

Using these exposure values and the chemical-specific toxicity/cancer risk values, the target soil
concentrations were calculated. The attached spreadsheets, labeled Table 3-B-3 through 3-B-18
present the calculation of the PRGs as well as the target soil concentrations for protection of human
health.
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Table 3-B-1

Summary of Exposure Values

RME CTE RHE Units Source
All Exposure Scenarios
Carcinogenic Target Risk 10° 10°® 10° (State of lllinois criteria)
Body Weight 70 70 70 | kg U.S. EPA, 1991
Averaging Time 70 70 70 | years U.S. EPA, 1991
Particulate Emission Factor Calculated | exposure scenario specific
Volatilization Factor (VF) Calculated | chemical and exposure

scenario specific
Inhalation Rate (IR) 20 20 20 | m%day U.S. EPA, 1991
Utility Worker
Exposure Duration (ED) 1 1 1 | year site specific
Exposure Frequency (EF) 21 8 60 | days/year site specific
Soil Ingestion Rate (IR) 480 216 200 | mg/day U.S. EPA, 1996a
Skin Surface Area (SA) 5,800 | 5,000 | 5,800 | cm? U.S. EPA, 1996a
Soil Adherence Factor (AF) 1 0.2 0.2 | mg/em? U.S. EPA, 1996a
Construction Worker
Exposure Duration (ED) 1 1 1 | year site specific
Exposure Frequency (EF) 21 10 30 | days/year | site specific
Soil Ingestion Rate (IR) 480 216 200 | mg/day U.S. EPA, 1996a
Skin Surface Area (SA) 5,800 [ 5,000 | 5800 cm? U.S. EPA, 1996a
Soil Adherence Factor (AF) 1 0.2 0.2 | mg/em® U.S. EPA, 1996a
Commercial/Industrial Worke!
Exposure Duration (ED) 25 9 25 | years U.S. EPA, 1989
Exposure Frequency (EF) 165 165 97.5 | days/year | site specific
Soil Ingestion Rate (IR) 50 25 2 | mg/day U.S. EPA, 1996—site
specific

Skin Surface Area (SA) 5,800 | 5,000 840 | cm? U.S. EPA, 1996a
Soil Adherence Factor (AF) 1.0 0.2 | 0.043 | mg/cm? U.S. EPA, 1996a
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Table 3B-2
Summary of Soil Risk Values
Waukegan Manufactured Gas and Coke Plant Site

(mg/kg)
Residential Commercial/industrial Utility/Construction
Chemical RME CTE RME CTE RHE RME CTE RHE

Cancer Risk: 1X10-6

PCBs 0.12 8.06 0.25 3 31 17 118 16.5
Arsenic 1.09 55.2 2.68 23 205 106 659 94
Benzene 1.9 41.3 3.23 10 6 580 1786 238
lBenzotajanthracene 1.78 68.1 5.94 33 150 122 709 116
lBenzo(a)pyrene 0.18 6.81 0.59 3 15 12 70.9 11.6
Igenzo(b)fluranthene 1.78 68.1 5.94 33 150 122 709 116
Dibenzo(a,h)anthracene 0.18 6.81 0.59 3 15 12 70.9 11.6
Indeno(g,h,i)pyrene 1.78 68.1 5.94 33 150 122 709 116
Non-Cancer Risk: Hi=1

Dibenzofuran 653 17033 983 4955| 186779 4591 40427 5390
4-Methylphenol 817 21292 1229 6194| 233474 5739 50534 6738
Naphthaliene 5203] 141944 7704 39961| 1565513 39438| 369220 48556

PA13\RN00NRA MLD\HARRY WB2




Table 3B-3

SOIL PRG CONCENTRATIONS - RESIDENTIAL SCENARIO (RME)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Slope | inhalation [1] | Dermal Slope VF{4]
Factor [1) Slope Factor Factor [2] m3/kg ABS[3) PRG

Chemical (mg/kg-day)-1 |{mg/kg-day)-1|(mg/kg-day)-1 Factor mg/kg
PCBs 7.7 1 7.7 NA 0.03 0.12
lArsenic 1.5 15 1.5 NA 0.01 1.09
Benzene 0.029 0.029 0.029 5.00E+03 0.1 1.9
(Benzota)anthracene 0.73 NA 0.73]  3.44E+07 0.13 1.78
I{Eenzo(a)pyrene 7.3 NA 7.3 3.48E+07 0.13 0.18
Benzo(b)fluoranthene 0.73 NA 0.73 1.35E+07 0.13 1.78
Dibenzo(a,h)anthracene 7.3 NA 7.3 4. 38E+08 013 0.18
Indeno(g.h.i)pyrene 0.73 NA 0.73 3.05E+08 0.13 1.78
Target Risk 1E-06

EXPOSURE ASSUMPTIONS Value Units Source

IR-Ingestion Rate 100 mg/day| EPA 7/23/98

SA-Surface Area (cm2) 5800 cm2] EPA 7/23/98

IAF-Adherence Factor (mg/cm2) 1 mg/cm2| EPA 7/23/98

BW-Body weight (kg) 70 kg| EPA 7/23/98

EF-Exposure frequency (days/yr) 230 days/yr{ EPA 7/23/98

ED-Exposure duration (yr) 30 yri EPA 7/23/98

IATC-Averaging time (days) 25550 days| EPA 7/23/98

INHR-Inhalation rate (m3/day)} 20 m3/day| EPA 7/23/98

PEF (m3/kg) 8.600E+09 m3/kg| EPA 7/23/98

EV (event/day) 1 event/day| EPA 7/23/98

CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2} Dermal Slope Factor is assumed to equal Oral Slope Factor
[3] From: “EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[4) From: Final Technical Memorandum. EPA, 1995

PRG = (TR * ATC* BW) / {(EF * ED) * ({IR * SFo * CF) + (SA * AF * ABS " EV * SFo * CF) + (INHR * SF: * (1/ PEF+1/VF))]

FOR PAHS: PRG = (TR " ATC* BW) / [(EF " ED) * (IR * SFo " CF) *2}

PYIRNLQ0CIRA-MLDWPRSC  WB2
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TABLE 3B-4

PRG CONCENTRATIONS - RESIDENTIAL EXPOSURE SCENARIO (RME)

PRG DRIVER: NONCANCER RISK
EXPOSURE MEDIA: Soil

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD{1] |Inhalation RfD[1]| Dermal RfD[2} VF[4} ABS[3] PRG
Chemical mg/kg-day mg/kg-day mg/kg-day m3/kg Factor mg/kg
Dibenzofuran 0.004 NA 0.004 NA 0.1 653
4-Methylphenol 0.005 NA 0.005| 1.09E+06 0.1 817
Naphthalene 0.04 NA 004 542E+04 0.13 5203
EXPOSURE ASSUMPTIONS Value Units Source g
qm-mgesnon Rate 100 mg/day| EPA 11/14/95 T
SA-Surface Area (cm2) 5800 cm2 EPA 11/14/95 [
AF-Adherence Factor (mg/cm2) 1 mg/cm2 EPA 11/14/85 !‘K
BW-Body weight (kg) 70 kg EPA 11/14/95 !
EF-Exposure frequency (days/yr) 230 days/yr EPA 11/14/95
ED-Exposure duration (yr) 30 yr EPA 11/14/95
ATNC (days) 10950 days EPA 11/14/95
Hi-Hazard Index (unitless) 1 unitless EPA 11/14/95
INHR-Inhalation Rate (m3/day) 20 m3/day EPA 11/14/85 ‘
PEF (m3/kg) 8.60E+09 m3/kg EPA 11/14/95 ;
EV (event/day) 1 event/day EPA 11/14/95 I
CF-Conversion factor (kg/mg) 1E-06 kg/mg |

{1] From: "IRIS" or “Region 9: Preliminary Remediation Goals"

{2] Dermal Reference Dose is assumed to equal Oral Refernce Dose

[3] From: “Region 9: Preliminary Remediation Goals". 1998

[4] From: Final Technical Memorandum. EPA, 1995

PRG = 1/ (Oral + Inhalation + Dermal)
Oral = (IR * CF * EF " ED)/ (RfDo * HI * ATNC * BW)

Inhalation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * HI *

ATNC * BW)

Dermal = (CF * AF * ABS " SA* EV* EF * ED)/ (RfDd * H! * ATNC * BW)

P11 3WH003RA-MLOTNC SIDF WB2
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Table 3B-5

SOIL PRG CONCENTRATIONS - RESIDENTIAL SCENARIO (CTE)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral Siope | Inhalation [1] | Dermal Slope!  VF[4]
Factor [1) Slope Factor Factor [2] m3/kg ABS[3] PRG

Chemical {mg/kg-day)-1 | (mg/kg-day)-1 {{mg/kg-day)-1 Factor mg/kg
PCBs 7.7 1 7.7 NA| 0.03 8.06
Arsenic 15 15 15 NA| 0.01 55.18
Benzene 0.029 0.029 0.029] 5.00E+03 0.1 4128
Benzo(a)anthracene 0.73 NA 0.73] 3.44E+0Q7 013 68.06
Benzo(a)pyrene 7.3 NA 7.3] 3.48E+07 0.13 6.81
|Benzo(b)fluoranthene 0.73 NA 0.73| 1.35E+07 0.13 68.06
[Dibenzo(a.h)anthracene 73 NA 73] 4.38E+08 0.13 6.81
Indeno(g.h,i)pyrene 0.73 NA 0.73| 3.05E+08 0.13 68.06
Target Risk 1E-06

EXPOSURE ASSUMPTIONS Value Units Source

IR-Ingestion Rate 50 mg/day| EPA 7/23/98

SA-Surface Area (cm2) 5000 cm2| EPA 7/23/98

AF-Adherence Factor (mg/cm2) 0.2 mg/cm2| EPA 7/23/98

BW-Body weight (kg) 70 kg| EPA 7/23/98

EF-Exposure frequency (days/yr) 40 days/yr| EPA 7/23/98

ED-Exposure duration (yr) 9 yr| EPA 7/23/98

ATC-Averaging time (days) 25550 days! EPA 7/23/98

INHR-Inhalation rate (m3/day) 20 m3/day| EPA 7/23/98

PEF (m3/kg) 8.600E+09 m3/kg; EPA 7/23/98

EV (event/day) 1 event/day| EPA 7/23/98

CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"
{2] Dermal Slope Factor is assumed to equal Oral Slope Factor
[3) From: “"EPA 7/23/88" and "Region 9: Preliminary Remediation Goals”
(4] From: Final Technical Memorandum. EPA, 1995
PRG = (TR * ATC* BW) / [(EF * ED} * ({IR * SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SF1 * (1/ PEF+1/VF)))
FOR PAHS: PRG = (TR * ATC" BW) / [(EF * ED) * (IR * SFo " CF) *2}

2 134NJ03IRA-MLDWPRGC T WB?



TABLE 3B-6

PRG CONCENTRATIONS - RESIDENTIAL EXPOSURE SCENARIO (CTE)

PRG DRIVER: NONCANCER RISK
EXPOSURE MEDIA: Soil

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1] | Inhaiation RfD[1] |Dermai RfD{2]{ VF[4] ABS([3] PRG
Chemical mg/kg-day mg/kg-day mg/kg-day m3/kg Factor mg/kg
Dibenzofuran 0.004 NA 0.004 NA | 0.1 17033
4-Methyiphenol 0.005 NA 0.005| 1.08£+06 0.1 21292
Naphthalene 0.04 NA 0.04] 5.42E+04 0.13]| 141944
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 50 mg/day| EPA 11/14/95
SA-Surface Area (cm2) 5000 cm2| EPA 11/14/95
AF-Adherence Factor (mg/cm2) 0.2 mg/cm2| EPA 11/14/95
BW-Body weight (kg) 70 kg! EPA 11/14/95
EF-Exposure frequency (days/yr) 40 days/yr| EPA 11/14/95
ED-Exposure duration (yr) 9 yr] EPA 11/14/95
ATNC (days) 3285 days| EPA 11/14/95
Hi-Hazard Index (unitiess) 1 unitless| EPA 11/14/95
INHR-Inhalation Rate (m3/day) 20 m3/day| EPA 11/14/95
PEF (m3/kg) 8.60E+09 m3/kg| EPA 11/14/35
~ li\ﬁevent/day) 1 event/day| EPA 11/14/95
CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or “Region 9: Preliminary Remediation Goais"
{2] Dermal Reference Dose 1s assumed to equal Oral Refernce Dose
[3] From: "Region 9: Preliminary Remediation Goais". 1998

[4} From: Final Technical Memorandum. EPA, 1995

PRG = 1/ (OQral + Inhaiation + Dermal)
Oral = (IR * CF * EF * ED)/ (RfDo * H! * ATNC * BW)

Inhalation = (INHR * EF * ED * (1/VF + 1/PEF) )/ (RfDi * HI *

ATNC * BW)

Dermal = (CF * AF * ABS * SA* EV * EF * ED) / (RfDd * HI * ATNC * BW)

P UIUIVONRAMLOVINC SIDF WB2
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Table 3B-7

SOIL PRG CONCENTRATIONS - COMMERCIAL/INDUSTRIAL SCENARIO (RME)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Siope | Inhalation [1] |Dermal Siope| VF[4] i
Factor {1] Slope Factor | Factor [2] m3/kg ABS[3] | PRG
IChemical (mg/kg-day)-1 | (mg/kg-day)-1 |(mg/kg-day)-1 Factor I mag/kg
PCBs 7.7 1 7.7 NA 0.03 0.25
Jarsenic 1.5 15 15 NA 0.01 268
lBenzene 0.029 0.029 0.029]| 5.00E+03 0.1 3.23
[Benzo(a)anlhracene 0.73 NA 0.73] 3.44E+07 0.13 5.94
reenzo(a)pyrene 7.3 NA 7.3| 3.48E+07 0.13 Q.59
IBenzo(b)ﬂuomnthene 0.73 NA 0.73] 1.35E+07 0.13 5.94
Dibenzo(a.h)anthracene 73 NA 7.3] 4.38E+08 013 0.59
indeno(g.h.ijpyrene 0.73 NA 0.73{ 3.05E+08 0.13 5.94
J

Target Risk 1E-06
IEXPOSURE ASSUMPTIONS Value Units Source
[IR-ingestion Rate 50 mg/day| EPA 7/23/98

SA-Surface Area (cm2) 5800 cm2| EPA 7/23/98

JAF-Adherence Factor (mg/icm2) 1 mg/cm2| EPA 7/23/98

BW-Body weight (kg) 70 kg| EPA 7/23/98

EF-Exposure frequency (days/yr) 165 days/yr| EPA 7/23/98

E D-Exposure duration (yr) 25 yr{ EPA 7/23/98

TC-Averaging time (days) 25550 days| EPA 7/23/98

INHR-Inhatation rate (m3/day) 20 m3/day| EPA 7/23/98

PEF (m3/kg) 8.600E+09 mikg] EPA 7/23/98

EV (event/day) 1 event/day| EPA 7/23/98

CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1} From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2] Dermal Siope Factor is assumed to equal Orai Slope Factor
[3} From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[4] From: Final Technical Memorandum. EPA, 1995
PRG = (TR * ATC* BW) / [(EF * ED) * (IR * SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SF: * (1/ PEF+1/VF)))]
FOR PAHS: PRG = (TR " ATC* BW) / [(EF * ED) * (IR * SFo * CF) *2)

O 13\4N00NRA-MLDI\PRGC 1 WEB2
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TABLE 38-8
PRG CONCENTRATIONS - COMMERCIAL/INDUSTRIAL SCENARIO (RME)

PRG DRIVER: NONCANCER RISK
EXPOSURE MEDIA: Soil

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1) |inhalation RfD[1]| Dermal RfD[2) | VF(4] ABS[3] | PRG
Chemical mg/kg-day mg/kg-day mg/kg-day m3/kg | Factor } mg/kg
Dibenzofuran | 0.004 NA| 0.004] NA 0.1 983
4-Methyiphenol 0.005 NA 0.005{ 1.09E+06 01 1229
Naphthalene 0.04 NA 0.04| 542E+04 013 7704
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 50 mg/day EPA 7/23/98
SA-Surface Area (cm2) 5800 cm2 EPA 7/23/98
AF-Adherence Factor (mg/cm2) 1 mg/em2 EPA 7/23/98
BW-Body weight (kg) 70 kg EPA 7/23/98
EF-Exposure frequency (days/yr) 165 days/yr EPA 7/23/98
ED-Exposure duration (yr) 25 yr EPA 7/23/98
ATNC (days) 9125 days EPA 7/23/98
Hi-Hazard index (unitless) 1 unitiess EPA 7/23/98
INHR-Inhalation Rate (m3/day) 20 m3/day EPA 7/23/98
PEF (m3/kg) 8.60E+03 m3/kg EPA 7/23/98
— EV (event/day) 1 event/day EPA 7/23/98
CF-Conversion factor (kg/mg) 1E-06 kg/mg

{1] From: “IR1S" or "Region 9: Preliminary Remediation Goals"

2] Dermal Reterence Dose is assumed to equal Oral Refernce Dose

{3] From: "Region 9: Preliminary Remediation Goais". 1998

[4] From: Final Technical Memorandum. EPA, 1995

PRG = 1/ {(Oral + Inhalation + Dermal)
Oral = (IR * CF * EF * ED)/ (RfDo * MI * ATNC * BW)
inhalation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * HI * ATNC * BW)
Dermal = (CF * AF * ABS " SA* EV* EF * ED) / (RfDd * Hi * ATNC * BW)

P UIWSOOIRA-ML DITNC SIOF WBZ
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Table 3B-9

SOIL PRG CONCENTRATIONS - COMMERCIAL/INDUSTIAL SCENARIO (CTE)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Slope Inhalation {1] | Dermal Slope VF[4]
Factor [1) Slope Factor Factor [2] m3/kg ABS[3) PRG

Chemical (mg/kg-day)-1 | (mg/kg-day)-1 | (mg/kg-day)-1 Factor mg/kg
PCBs 7.7 NA 7.7 NA 0.03 2.84
fArsenic 1.5 15 1.5 NA oo1] 2293
LBenzene 0.029 0.029 0.029| 5.00E+03 0.1 10.07
IBenzo@janthracene 0.73 NA 0.73| 3.44E+07 0.13] 33.00
|Benzo(a)pyrene 7.3 NA 7.3| 3.48E+07 0.13 3.30
[Benzo(b)fluoranthene 0.73 NA 0.73| 1.35E+07 013] 3300
bibenzo(a,h)amhracene 7.3 NA 7.3] 4.38E+08 0.13 3.30
Indeno(g.h.i)pyrene 0.73 NA 0.73| 3.05E+08 0.13 33.00
[Target Risk 1E-06

EXPOSURE ASSUMPTIONS Value Units Source

JiR-Ingestion Rate 25 mg/day| EPA 11/14/95

ISA-Surface Area (cm2) 5000 cm2; EPA 11/14/95

IAF-Adherence Factor (mg/cm2) 0.2 mg/cm2| EPA 11/14,85

BwW-Body weight (kg) 70 kg! EPA 11/14/95

EF-Exposure frequency (days/yr} 165 days/yr| EPA 11/14/95

ED-Exposure duration (yr) 9 yr| EPA 11/14/95

TC-Averaging time (days) 25550 days| EPA 11/14/95

INHR-Inhalation rate (m3/day) 20 m3/day| EPA 11/14/95

PEF (m3/kg) 8.600E+09 m3/kg| EPA 11/14/95

EV (event/day) 1 event/day| EPA 11/14/95

F-Conversion factor (kglmg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals”
[2] Dermal Siope Factor is assumed to equal Oral Slope Factor
[3} From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[3) From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
PRG = (TR * ATC* BW) / [(EF * ED) * ((IR * SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SFi * (1/ PEF+1/VFY)))]
FOR PAHS: PRG = (TR * ATC* BW) / [(EF " ED) * (IR * SFo * CF) *2)

PVIARICIRA-MLDWPRGCY WB2

09/21/98



TABLE 3B-10

PRG CONCENTRATIONS - COMMERCIAL/INDUSTRIAL EXPOSURE SCENARIO (CTE)

PRG DRIVER: NONCANCER RISK

EXPOSURE MEDIA: Soil

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1] [(inhalation RfD[1}| Dermal RfD[2] VF[4] ABS[3]) PRG
Chemicat mg/kg-day mg/kg-day mg/kg-day m3/kg Factor mg/kg
Dibenzofuran 0.004 NA 0.004 NA 0.1 4955
4-Methyiphenol 0.005 NA 0.005| 1.09E+06 0.1 6194
Naphthalene 0.04 NA 0.04] 542E+04 0.13 39961
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 25 mg/day| EPA 11/14/95
SA-Surface Area (cm2) 5000 cm2| EPA 11/14/95
AF-Adherence Factor (mg/cm2) 0.2 mg/em2{ EPA 11/14/95
BW-Body weight (kg) 70 kg| EPA 11/14/95
EF-Exposure frequency (days/yr) 165 days/yr| EPA 11/14/85
ED-Exposure duration (yr) 9 yr| EPA 11/14/95
ATNC (days) 3285 days| EPA 11/14/95
Hl-Hazard Iindex (unitless) 1 unitless; EPA 11/14/95
INHR-Inhalation Rate (m3/day) 20 m3/day| EPA 11/14/95
PEF (m3/kg) 8.60E+09 m3/kg| EPA 11/14/95
EV (event/day) 1 event/day! EPA 11/14/95
CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2) Dermal Reference Dose is assumed to equal Oral Refernce Dose
[3] From: "Region 9: Preliminary Remediation Goals". 1998
[4) From: Final Technical Memorandum. EPA, 1995
PRG = 1/ (Oral + Inhalation + Dermal)
Oral = (IR *CF * EF * ED) / (RfDo * HI * ATNC * BW)
inhaltation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * HI * ATNC * BW)
Dermal = (CF * AF * ABS * SA* EV * EF * ED) / (RfDd * HI * ATNC * BW)

P113WIV03RA-MLOVTNC SIDF WB2
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Table 3B-11

SOIL TSC CONCENTRATIONS - COMMERCIAL/INDUSTRIAL SCENARIO (RHE )

TSC DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Slope | Inhalation [1] | Dermal Siope VF[4]
Factor [1] Slope Factor Factor [2] m3/kg ABS[3] TSC
Chemical (mg/kg-day)-1 | (mg/kg-day)-1 | (mg/kg-day)-1 Factor mg/kg
frces 77 NA 7.7 NA 0.03 30.90
[Arsenic 15 15 15 NA 0.01] 205.15
[Benzene 0.029 0.029 0.029! 5.00E+03 0.1 6.32
IBenzo(aranthracene 0.73 NA 0.73] 3.44E+07 0.13] 150.12
|Benzo(@)pyrene 7.3 NA 73] 3.48E+07 0.13]  15.01
Benzo(b)fluoranthene 0.73 NA 0.73{ 1.35E+07 0.13 150.12
[Dibenzo(a,hjanthracene 73 NA 7.3] 4.38E+08 0.13] 1501
Indeno(g.h,i)pyrene 0.73 NA 0.73] 3.05E+08 0.13 150.12
I

[Target Risk 1E-06
JEXPOSURE ASSUMPTIONS Value Units Source
WlR-Ingestion Rate 2 mg/day|  Site specific
SA-Surface Area (cm2) 840 cm2 EPA 1996
JAF-Adherence Factor (mg/cm2) 0.043 mgiecm2 EPA 1996
BW-Body weight (kg) 70 kg EPA 1996
EF-Exposure frequency (days/yr) 97.5 days/yr| Site sspecific
E D-Exposure duration (yrj 25 yr EPA 1996

TC-Averaging time (days) 28550 days EPA 1996
INHR-Inhalation rate {(m3/day) 20 m3/day EPA 1996
PEF (m3/kg) 8.600E+09 m3/kg| EPA 11/14/95
EV (event/day) 1 event/day| EPA 11/14/95
CF-Conversion factoﬂg/mg_)i 1E-06 _kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2) Dermal Slope Factor is assumed to equal Oral Slope Factor
[3) From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[3]) From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
PRG = (TR * ATC* BW) / [(EF * ED) * {(IR * SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SF1 * (1/ PEF+1/VF)))]

21 AN00NRA-MLCIPRGT T WB?
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TABLE 38-12

TSC CONCENTRATIONS - COMMERCIALNNDUSTRIAL EXPOSURE SCENARIO (RHE)
TSC DRIVER: NONCANCER RISK

EXPOSURE MEDIA: Sail

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral RID[1] [Inhalation RfD[1}| Dermal RfD[2] VF[4) ABS[3] TSC
NChemical mg/kg-day mgll{-day mgl/kg-day m:!LI(E Factor mg/kg
iDibenzofuran 0.004 NA 0.004 NA 01] 186779
4-Methylphenol 0.005 NA 0.005 1.09E+06 01 233474
Naphthalene 0.04 NA 0.04 5.42E+04 013{ 1565513
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 2 mg/day Site specific
SA-Surface Area (cm2) 840 cm2 Site specific
IAF-Adherence Factor (mg/cm?2) 0.043 mg/cm?2 EPA 1996
BW-Body weight (kg) 70 kg EPA 1996
EF-Exposure frequency (days/yr) 975 days/yr Site specific
ED-Exposure duration (yr) 25 yr EPA 1996
JATNC (days) 9125 days EPA 1996
Hi-Hazard Index (unitiess) 1 unitless EPA 1989
INHR-Inhaiation Rate (m3/day) 20 m3/day EPA 1996
A PEF (m3/kg) 8.60E+09 m3/kg EPA 7/23/98
EV (event/day) 1 event/day Site specific
CF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"

{2] Dermal Reference Dose is assumed to equal Oral Refernce Dose

[3] From: "Region 9: Preliminary Remediation Goals". 1998

[4] From: Final Technical Memorandum. EPA, 1995

PRG = 1/ (Oral + Inhalation + Dermal)
Oral = (IR " CF * EF * ED)/ (RfDo * HI * ATNC * BW)
Inhaiation = (INHR * EF * ED * (1A/F + 1/PEF) ) / (RfDi * HI * ATNC * BW)
Dermal = (CF * AF * ABS * SA* EV * EF * ED) / (RfDd * HI * ATNC * BW)

P U IWO\003RA-MLDITNCSIDF WBZ

0972196



Table 3B-13

SOIL PRG CONCENTRATIONS - UTILITY WORKER SCENARIO (RME)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

'ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral Slope Inhalation [1] | Dermal Slope VF[4}
Factor [1} Slope Factor Factor [2) m3/kg ABS[3) PRG

IChemical {mg/kg-day)-1 | (mg/kg-day)-1 | (mg/kg-day)-1 Factor mg/kg
frPcBs 7.7 NA 7.7 NA 0.03 16.91
farsenic 15 15 15 NA 0.01] 10553
lBenzene 0.029 0.029 0.029! 5.00E+03 0.1 580.39
{Benzo(a)anthracene 0.73 NA 073] 344E+07 0.13] 12153
lBenzo(a)pyrene 7.3 NA 7.3| 3.48E+07 0.13 12.15
lBenzo(b)ﬂuoranthene Q.73 NA 0.73] 1.35E+07 0.13 121.53
[oibenzota.hanthracene 7.3 NA 73] 4.38E+08 0.13 12.15
indeno(g,h.i)pyrene 0.73 NA 0.73! 3.05E+08 0.13 121.53
[Target Risk 1E-06
JEXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 480 mg/day EPA 7/23/98
SA-Surface Area (cm2) 5800 cm2 EPA 7/23.38
JAF-Adherence Factor (mg/cm?2) 1 mg/cm2 EPA 7/23/98
BW-Body weight (kg) 70 kg EPA 7/23/98
EF-Exposure frequency (days/yr) 21 days/yr EPA 7/23/98
ED-Exposure duration (yr) 1 yr EPA 7/23/98

TC-Averaging time (days) 25550 days EPA 7/23/98
INHR-Inhalation rate (m3/day) 20 m3/day EPA 7/23/98
PEF (m3/kg) 4.300E+09 m3/kg| EPA 7/23/98
EV (event/day) 1 event/day EPA 7/23/98

F-Conversion factor (kg/mg) 1E-06 kg/mg

[1) From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2) Dermal Slope Factor is assumed to equai Oral Slope Factor
[3) From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[3) From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
PRG = (TR * ATC* BW) / {(EF * ED) * ((IR * SFo * CF) + (SA * AF * ABS * EV * SF0 * CF) + {INHR * 5Fi * (\/ PEF+1/VF))]
FOR PAHS: PRG = (TR * ATC* BW) / [(EF * ED) * (IR * SFo " CF) *2]

O 13UWN00NRA-MLDVPRGC T WB2

09r21r98



TABLE 3B-14

PRG CONCENTRATIONS - UTILITY WORKER (RME)

PRG DRIVER: NONCANCER RISK

EXPOSURE MEDIA: Soil

RQUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1] (inhalation RfD[1]| Dermal RfD[2] ‘ VF{4] ABS[3] PRG

Chemical _mg/kg-day mg/kg-day ' mg/kg-day m3/kg Factor mg/kg

Dibenzofuran 0.004 NA 0.004 NA 0.1 4591

4-Methyiphenol 0.005 NA 0.005| 1.09E+06 0.1 5739}

Naphthaiene 0.04 NA 0.04! 5.42E+04 0.13 39438/
|

EXPOSURE ASSUMPTIONS Value Units Source :

rlR-lngestion Rate 480 mg/day EPA 7/23/98 i

SA-Surface Area (cm2) 5800 cm2 EPA 7/23/98 !

AF-Adherence Factor (mg/cm2) 1 mg/cm2 EPA 7/23/98 J(

BW-Body weight (kg) 70 kg  EPA 7/23/98 “

EF-Exposure frequency (days/yr) 21 days/yr EPA 7/23/98 |

ED-Exposure duration (yr) 1 yr EPA 7/23/98

ATNC (days) 365 days EPA 7/23/98

Hi-Hazard index (unitless) 1 unitiess EPA 7/23/98

INHR-Inhalation Rate (m3/day) 20 m3/day EPA 7/23/98

PEF (m3/kg) 4 30E+09 m3/kg EPA 7/23/98 B

EV (event/day) 1 event/day EPA 7/23/98 "

ICF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or “"Region 9: Preliminary Remediation Goals"

[2) Dermal Reference Dose 1s assumed to equal Oral Refernce Dose
[3] From: “Region 9: Preliminary Remediation Goals". 1998

[4) From: Final Technical Memorandum. EPA, 1995

PRG =1/ (Oral + Inhalation + Dermal)

Oral = (IR * CF * EF * ED) / (RfDo * HI * ATNC * BW)
Inhalation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * HI * ATNC * BW)
Dermal = (CF " AF * ABS * SA* EV * EF * ED)/ (RfDd * HI * ATNC * BW)

P 1 3MGDCNRAMLDATNG SIDF w2
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Table 3B-15

SOIL PRG CONCENTRATIONS - UTILITY WORKER SCENARIO (CTE)

PRG DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Slope | Inhalation [1] | Dermal Slope VF[4]

Factor [1] Slope Factor Factor [2] m3/kg ABS[3] PRG
Chemical (mg/kg-day)-1 (mglki-dayﬂ (mg/kg-day)-1 Factor mg/kg
PCBs 7.7 NA 7.7 NA 0.03 118.02
Arsenic 1.5 15 1.5 NA 0.01 659.34
Benzene 0.029 0.029 0.029| 5.00E+03 0.1 1786.15
Benzo(a)anthracene 0.73 NA 0.73| 3.44E+07 0.13 708.91
Benzo(a)pyrene 7.3 NA 7.3 3.4BE+07 0.13 70.89
Benzo(b)fluoranthene 0.73 NA 0.73| 1.35E+07 0.13 708.91
Dibenzo(a,h)anthracene 7.3 NA 7.3] 4.38E+08 0.13 70.89
Indeno(g,h,i)pyrene 0.73 NA 0.73] 3.05E+08 0.13 708.91
T=a£get Risk 1E-06
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 216 mg/day| EPA 11/14/95
SA-Surface Area (cm2) 5000 cm2| EPA 11/14/95
AF-Adherence Factor (mg/cm2) 0.2 mg/cm2| EPA 11/14/95
BW-Body weight (kg) 70 kg EPA 11/14/95
EF-Exposure frequency (days/yr) 8 days/yr| EPA 11/14/95
ED-Exposure duration (yr) 1 yri EPA 11/14/95
ATC-Averaging time (days) 25550 days| EPA 11/14/95
INHR-Inhalation rate (m3/day) 20 m3/day; EPA 11/14/95
PEF (m3/kg) 4.300E+09 m3/kg| EPA 11/14/95
EV (event/day) 1 event/day| EPA 11/14/95
CF-Conversion factor (kg/mg) 1E-06 kg/m

[1] From: “IRIS" or "Region 9: Preliminary Remediation Goais"

N~ [2] Dermal Slope Factor is assumed to equal Oral Slope Factor

[3] From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
(3] From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
PRG = (TR * ATC* BW) /[(EF * ED) * (IR " SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SFi * (1/ PEF+1/VF)))]

FOR PAHS: PRG = (TR * ATC* BW)/[{EF "ED) * (IR * SFo * CF) *2]

P:13\43003:RA-MLD\PRGC 1. WB2
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TABLE 3B-16

PRG CONCENTRATIONS - UTILITY WORKER (CTE)

PRG DRIVER: NONCANCER RISK
EXPOSURE MEDIA" Soil

ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1] |Iinhalation RfD[1])| Dermal RfD[2] VF[4] ABS[3] | PRG
Chemical mg/kg-day mg/kg-day mg/kg-day m3/kg Factor mg/kg
Dibenzofuran 0.004 NA 0.004 NA 0.1! 40427
4-Methyiphenol 0.005 NA 0.005 1.09E+06 0.1/ 50534
INaphthalene 0.04 NA 0.04 542E+04 0.13] 369220
!

EXPOSURE ASSUMPTIONS Value Units Source

ﬁlR-Ingesuon Rate 216 mg/day EPA 11/14/95

SA-Surface Area (cm2) 5000 cm2 EPA 11/14/95

AF-Adherence Factor (mg/cm2) 0.2 mg/em2 EPA 11/14/95

BW-Body weight (kg) 70 kg EPA 11/14/95

EF-Exposure frequency (days/yr) 8 dayssyr EPA 11/14/95

ED-Exposure duration (yr) 1 yr EPA 11/14/95

ATNC (days) 365 days EPA 11/14/95

Hi-Hazard Index (unitless) 1 unitless EPA 11/14/95

INHR-Inhalation Rate (m3/day) 20 m3/day EPA 11/14/85

PEF (m3/kg) 4.30E+09 m3/kg EPA 11/14/95

EV (event/day) 1 event/day EPA 11/14/95

CF-Converston factor (kg/mg) 1E-06 kg/mg

[1] From: “IRIS" or "Region 9: Preliminary Remediation Goals”
2]} Dermal Reference Dose is assumed to equal Oral Refernce Dose

[3] From: "Region 9: Preliminary Remediation Goals". 1998

{4} From: Final Technical Memorandum. EPA, 1995

PRG = 1/ (Oral + Inhalation + Dermal)

Oral = (IR * CF * EF * ED) / (RfDo * H!I * ATNC * BW)

Inhalation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * Hi *

ATNC * BW)

Dermal = (CF * AF * ABS * SA* EV " EF * ED) / (RfDd * HI * ATNC * BW)

PUIUNCOIRA-MLDTNC SIDF WB2
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Table 3B-17

SOIL TSC CONCENTRATIONS - UTILITY WORKER SCENARIO (RHE)

TSC DRIVER: CANCER RISK
EXPOSURE MEDIA: SOIL

ROUTE OF EXPOSURE: DERMAL ABSORPTION, INGESTION AND INHALATION

Oral Siope Inhalation [1] | Dermal Slope VF([4) i
Factor [1] | Slope Factor | Factor [2] m3/kg | ABS[3] | Tsc

LChemical {mg/kg-day)-1 | (mg/kg-day)-1 | (mg/kg-day)-1 Factor ' mg/kg
frcBs 7.7 1 77 NA 0.03 16.49
fArsenic 1.5 15 15] NA 0.01 93.89
fBenzene 0.029 0.029 0.029| 5.00E+03 01] 23815
lBenzo(a)anthracene 0.73 NA 0.73]| 3.44E+07 0.13 116.40
|[Benzo(ajpyrene 7.3 NA[ 7.3] 3.48E+07 0.13 11.64
'Benzo(b)ﬂuoranthene 0.73 NA 0.73| 1.35e+07 0.13 116.40
IDnbenzo(a,h)anthracene 7.3 NA 7.3| 4.38E+08 0.13 11.64
indeno(g.h,i)pyrene 0.73 NA 0.73] 3.05E+08 0.13 116.40
(Target Risk 1E-06
|EXPOSURE ASSUMPTIONS Vaiue Units Source
!IR-Ingesﬁon Rate 200 mg/day| EPA 11/14/85
SA-Surface Area (cm2) 5800 cm2| EPA 11/14/95
JAF-Adherence Factor (mg/cm2) 0.2 mg/icm2| EPA 11/14/95
BW-Body weight (kg) 70 kg| EPA 11/14/95
EF-Exposure frequency (days/yr) 60 days/yr Site specific
ED-Exposure duration (yr) 1 yr Site specific

TC-Averaging time (days) 26550 days| EPA 11/14/95
INHR-inhalation rate (m3/day) 20 m3/day| EPA 11/14/95
PEF (m3/kg) 4.300E+09 m3/kg| EPA 11/14/95
EV (event/day) 1 event/day| EPA 11/14/95
ICF-Conversion factor (kg/mg) 1E-06 kg/mg

[1] From: "IRIS" or "Region 9: Preliminary Remediation Goals"
[2] Dermal Siope Factor is assumed to equal Oral Siope Factor
[3] From: "EPA 7/23/98" and "Region 9: Preliminary Remediation Goals"
[3] From: "EPA 7/23/98" and "Region 9. Preliminary Remediation Goals"
PRG = (TR * ATC* BW) / [(EF * ED) * ((IR * SFo * CF) + (SA * AF * ABS * EV * SFo * CF) + (INHR * SF1 * (1/ PEF+1/VF))))

P 1149003RA-MLDIPRGC T WRB2
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TABLE 3B-18
TSC CONCENTRATIONS - UTILITY WORKER (RHE)
TSC DRIVER: NONCANCER RISK

EXPOSURE MEDIA: Soii
ROUTE OF EXPOSURE: DERMAL ABSORPTION. INGESTION AND INHALATION

Oral RfD[1] |Inhalation RfD[1)| Dermal RfD[2] VF[4] ABS[3] TSC
Chemical mg/kg-day mg/kg-day | mg/kg-day m3/kg Factor mg/kg
Dibenzofuran 0.004 NA 0.004 NA 0.1 5390
4-Methyiphenol 0.005 NA 0.005 1.09E+06 0.1 6738
Naphthalene 0.04 NA 0.04 5.42E+04 0.13 48556
EXPOSURE ASSUMPTIONS Value Units Source
IR-Ingestion Rate 200 mg/day EPA 11/14/95
SA-Surface Area (cm2) 5800 ‘cm2 EPA 11/14/95
AF-Adherence Factor (mg/cm2) 0.2 mg/cm2 EPA 11/14/95
BW-Body weight (kg) 70 kg EPA 11/14/95
EF-Exposure frequency (days/yr) 60 days/yr Site specific
ED-Exposure duration (yr} 1 yr Site specific
ATNC (days) 365 days Site specific
Hl-Hazard Index (unitiess) 1 unitiess EPA 1989
INHR-inhalation Rate (m3/day) 20 m3/day| EPA 11/14/95
PEF (m3/kg) 4.30E+09 m3/kg EPA 11/14/95
' EV (event/day) 1 event/day EPA 11/14/95
CF-Conversion factor (kg/mg) 1E-06 kg/mg

(1) From: "IRIS" or "Region 9: Pretiminary Remediation Goals”

[2) Dermai Reference Dose is assumed to equal Oral Refernce Dose

[3] From: "Region 9. Preliminary Remediation Goals". 1998

[4} From: Final Technical Memorandum. EPA, 1895

PRG = 1/ (Oral + inhalation + Dermal)
Oral = (IR * CF * EF * ED)/ (RfDo * HI * ATNC * BW)
Inhalation = (INHR * EF * ED * (1/VF + 1/PEF) ) / (RfDi * HI * ATNC * BW)
Dermal = (CF * AF * ABS * SA* EV * EF " ED) / (RfDd * Hi * ATNC * BW)

PIIMAOVDOIRAMLININC SIDF W82

osn1me



" Appendix 3-C

Development of Target Soil
Concentrations: Protection of Groundwater



Appendix 3-C

Development of Target Soil
Concentrations for Protection of Groundwater

List of Tables
Table 3-C-1  Average Total Arsenic Concentrations in Shallow Groundwater
Table 3-C-2  Average Well-Specific Arsenic Concentrations in Soil
Table 3-C-3 Regression Correlation for Soil and Groundwater Concentrations

Table 3-C-4  Target Soil Concentrations for Protection of Groundwater

List of Figures

Figure 3-C-1 Correlation of Arsenic Concentrations

201481 3-Ca



Appendix 3-C

Development of Target Soil
Concentrations for Protection of Groundwater

This appendix presents the process used to calculate the TSCs for protection of groundwater. A
site-specific calculation was used to determine a concentration of arsenic in soil that may result in
concentrations of chemicals in the groundwater in excess of promulgated groundwater quality
criteria. Illinois EPA guidance was used to calculate site-specific values for other COCs. A TSC for
arsenic was calculated separately because arsenic is one of the more mobile contaminants of the
COCs. In addition, the distribution of arsenic in the soil at the site is more diffuse than other
COCs. As a result, the area which would likely need to be managed to control the potential

migration of arsenic would be larger than the area required for management of other COCs.

Impacts to the deep portion of the sand aquifer have been characterized in the conceptual model for
the site (Section 2). The concentrations of materials in the deep portion of the sand aquifer are not
associated with the current concentrations of materials in the soil. For this reason, development of

a TSC to protect groundwater was based on the shallow portion of the sand aquifer only.

To develop this TSC, all available arsenic data from the shallow portion of the sand aquifer was
used. For each shallow monitoring well, a simple average concentration of arsenic was calculated
using all available data as shown in Table 3-C-1. Next, all analytical results for arsenic in soil from
the ground surface to 20 feet below the ground surface was reviewed and assigned to one or more
groundwater wells at the site based on location and the direction of groundwater flow. For each
monitoring well, the average of these soil samples was computed. The results of this work are
presented in Table 3-C-2. Using these average values, a correlation was developed. The plot of this
correlation is shown in Figure 3-C-1. To calculate the correlation, four sets of values were not used.
The data from monitoring wells MW-3S, MW-55 and MW-6S showed relatively high concentrations
of arsenic in groundwater which did not correlate to the low concentrations of arsenic in the
surrounding soils. This is likely due to higher concentrations of arsenic in upgradient soil
influencing the concentration observed in the wells as much or more than the concentrations in soil
in the immediate vicinity of the wells. The results from monitoring well MW-9S also do not appear
to fall within a linear range for the relationship between soil and groundwater. While arsenic
concentrations in the soil around MW-9S were high, the concentrations in the groundwater were

also high. This result appears to be consistent with the concept that the correlation between

201481 3-C-1



concentrations in the soil and the concentrations in the groundwater is linear over a small range
and that the concentrations in the soil reach an upper limit at which point the concentration in
groundwater will increase independent of the concentration in the soil. At this point, the soil has

reached its sorptive capacity.

The remaining seven values are plotted on Figure 3-C-1. The results of the linear regression for
this line are included in Table 3-C-3. Using the equation for this line, the soil concentration which
corresponds to 0.05 mg/l in the groundwater (the Illinois Class I standard for arsenic) is calculated

to be 25 mg/kg. This value is the site-specific TSC for protecting groundwater.

As previously stated because of the distributed nature of arsenic in site soil, it is likely that arsenic
will delineate the extent of soil that may need to be managed to protect groundwater. However,
other potential contaminants of concern may be present in soil that may need to be managed to
protect groundwater. Table 3-C-4 lists the soil concentrations for other COCs that would be
protective of groundwater. The list of other COCs includes all parameters which were identified in
the shallow groundwater above the MCLs. The values include the U.S.EPA’s generic soil screening
levels as well as the generic Illinois TACO values for protection of groundwater to Class II

standards, and calculated site-specific values based on Illinois guidance.

201481 3-C-2



Waukegan Manufactured Gas & Coke Plant Site

Table 3C-1
Average Total Arsenic Concentrations in Shallow Groundwater

Total Arsenic (ug/L) Average
Well 4/92 or Total
10/93 12/93 7/96 9/97 Arsenic
MW1S 120.0 152.0 153.0 141.67
MW3S 134.0 1,700.0 400.0 744.67
MW4S 18.4 25.9 30.9 25.07
MW5S 243.0 251.0 352.0 282.00
MW6S 350.0 343.0 135.0 300.0 282.00
MW7S 345.0 174.0 313.0 277.33
MW8S 1.0 3.0 2.00
MWSS 4,100.0 248.0 1,310.0 1,886.00
MW10S 60.3 16.8 115.0 64.03
MW11S 4.6 4.3 4.45
MW12S 17.0 13.1 22.1 17.40
MW13S 31.8 31.0 157.0 143.0 90.70
MW14S 90.4 63.5 79.0 77.63
MW15S 4.9 2.2 3.55

P:\13W9\003\wep\s\sec3\ars_sgw.wb?2




Table 3C-2
Average Well-Specific Arsenic Concentrations in Soil
Waukegan Manufactured Gas & Coke Plant Site

Representative Well(s

Arsenic
sample | (maxg) | MW1S T Mw3s | Mw4aS | MWSS | MWES | MW7S | MWBS | MWIS | MWI10S | MW11S MW12S [ MW13S | MW14S | MW15S
TT0301 360 360 360
TTO3WO1 236 236 236 236
TTO3W02 20.6 20.6
170602 0.92 0.92
TT0604 6.5 6.5
TT0701 1820 1820
TTO8A01 304 304
TT1001 191 304
TT1402 38 38 38 38
TT2502 115 115 115
112503 1720 1720 1720
P10706 10.1 10.1
PW0107 161 161 161
SB0702 549 54.9
SB80704 37.4 37.4
SB0708 92 9.2
580807 1.9 1.9
SB0903 761 761
$B80909 50.4 50.4
SB1003 1.5 1.5
$81007 52 52
SB1404 4.7 a7
S$B1408 6.9 6.9
SB1508 25 25
SB1602 14.3 143
SB1604 16.7 16.7
SB1608 95 9.5
$B1702 41.2 1.2
SB1704 156 156
SB1708 93 3.3
$B1802 41.5 415
1SB1804 9.4 9.4
SB1808 45 4.5
SB1902 67.2 67.2 67.2
SB1904 24.9 24.9 24.9
SB1908 38 38 38
SB2002 104 104
SB2004 223 223
$B2008 7.7 77
SB2009 6.1 6.1
$B2102 157 157
S$82104 207 20.7
$B2108 6.2 6.2
SB2202 36.5 36.5
$B2204 33 33
S$B2208 6.7 6.7
$B2302 92 92
SB2304 51.2 51.2
SB2308 71 71
$B82402 12.2 12.2
582404 8.5 8.5
$82408 6.6 6.6
$B2502 7.6 7.6
SB2504 7.9 79
$B2508 2.6 26
S5B2602 233 233
SB2604 12.1 12.1
SB2608 3.2 3.2
SB2702 4.1 4.1
SB2704 44 4.4
SB2708 6 6
$82802 5.4 5.4
S$B82604 0.7 0.7
SB2808 56 56
582902 12.6 12.6
$B2904 6 6
S$B2908 8.5 85
SB3003 9.8 9.8
SB3007 35 3.5
SB3009 1.4 14
$B3103 6 3
583107 1.6 16
$B3202 8 )
SB3204 6.6 66
$B83208 7.4 74

P:\13\9\003\wep\is\sec3\ars_sgw.wh?2



Table 3C-2
Average Well-Specific Arsenic Concentrations in Soil
Waukegan Manufactured Gas & Coke Plant Site

Representative Wali(s

Arsenic
sample | (makg) | MW1S | MW3S | Mwdas | Mwss | MweS | Mw7s | MwasS | MWIS | MW10S | MWT1S | MWI12S | MW13S MW14S | MW15S
583302 620 620
SB3304 235 235
SB3308 21.8 218
$B3402 170 170
$B3404 160 160
SB3408 42.7 42.7
S$B3502 104 104
SB3504 16.3 16.3
$B3508 3.2 3.2
SB3602 20.9 20.9
$83604 12.7 12.7
$SB3608 25 2.5
$B3702 3.1 KR
SB3704 25 25
SB83708 2.9 2.9
SB3802 26.4 26.4
SB3804 233 23.3
$B83808 6 6
SB3902 21.8 21.8 21.8 21.8
SB3904 2.3 2.3 2.3 2.3
SB3908 3.9 3.9 39 3.9
$84002 25.3 25.3 253
SB4005 4.9 4.9 4.9
SB4008 5 5 5
$B4102 295 29.5
SB4104 5.3 53
SB4108 10.2 10.2
SB4202 56.2 56.2
SB4204 6.5 6.5
SB4208 6 6
$B4302 1.1 1.1
S$B4304 6 6
SB4308 52 5.2
$B4402 55 5.5
1SB4404 5 5
SB4408 10.3 10.3
SB4502 15.7 15.7
SB4504 3.6 36
SB4508 4.8 4.8
1584605 28 2.8
SB4608 4.7 4.7
$B4702 29 29
SB4704 1.6 1.6
$B4708 76 76
SB4802 5.9 5.9
SB4804 1.8 1.8
SB4808 0.4 0.4
SB4902 1.3 1.3
SB4904 1.4 1.4
SB4908 1.5 1.5
SB5002 4.4 44
SB5004 3.2 3.2
SB5008 27 27
SB5104 24
$B5109 25
SB5205 1.7
SB5208 38
SB5304 2
SB5502 11 11 11
SB5902 1.2 1.2
SB5904 27 27
5B5908 3.1 31
SB6002 33.6 336 336
SB6004 63 63 63
SB6008 11.5 116 1.5
Average 40.34 34.00 10.69 4.46 6.26] 143.70 7.78] 24538 14.63 0.00 0.00 0.00 29.28 2.50
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Table 3C-3

Regression Correlation for Soil and Groundwater Concentrations

Waukegan Manufactured Gas & Coke Plant Site

Regression Output:
Constant
Std Errof Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) 0.0021
Std Err of Coef. 0.0002

P:\13\49\003\wcpifsisec3\ars_sgw.wb2
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Table 3-C-4

Target Soil Concentrations for Protection of Groundwater
Waukegan Manufactured Gas and Coke Plant Site

Soil to Groundwater Concentrations
Generic SSL Site Specific
litinois Taco lllinois TACO Based on Class |
Parameter Class | (mg/kg) [1] | Class I (mg/kg) (mg/kg)

Carcinogenic PAHs

Benzo (a) anthracene 2 8 16

Benzo (b) fluoranthene 5 25 49

Benzo (k) fluoranthene 49 250 490

Benzo (a) pyrene 8 82 82

Carbazole 0.6 2.8 5

Chrysene 160 800 1,590

Ideno (1,2,3, cd) pyrene 14 69 140
Non-Carcinogenic PAHs

Fluorene 560 2,800 5,500

Naphthalene 84 420 800
Organics

Phenol 100 100 270

Benzene 0.03 0.17 0.13

PCBs 1 10 62
Inorganics (pH 7.0)

Arsenic 29 120 NA

Cadmium 11 110 NA

Cyanide 40 120 NA

Mercury 3.3 16 NA

Note:
[1] Dilution attenuation factor of 20

PNTCS P:\13\49\003\WCP\FS\GW\SOIL-GW2 WPD/JMS
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Appendix 3-D

Revised Risk Calculations for Fish Consumption

This appendix presents the calculations used to estimate the potential risks associated with current

or future subsistence fishing exposures.

For the subsistence fishing exposure scenario under the RME approach, the HHRA used upper-
bound values for exposure frequency (EF = 365 days/yr); exposure duration (ED = 30 years); and
the daily fish ingestion rate (IR = 132 grams/day); and assumed all fish consumed were equally
contaminated. Use of these upper-bound values resulted in an estimated risk of 3 x 10 as shown

in Table 3-D-1.

However, in the U.S. EPA’s final water quality guidance for the Great Lakes system, a fish
ingestion rate of 15 grams per day is used. This value represents a “Great Lakes specific” fish
consumption rate, which the EPA said “will provide adequate health protection for the public,
including more highly exposed sub-populations” (March 23, 1995, 60 FR, 15365). Using this revised

value for fish consumption lowers the overall risk due to fish consumption as noted in Table 3-D-1.
Finally, the U.S. EPA’s value of 30 years for the exposure duration is conservative in comparison to

other values in the literature. Using a more median value for the exposure duration lowers the

calculated risk even further as shown in Table 3-D-1.
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Table 3D-1

Revised Risk Calculations for Fish Consumption
Waukegan Manufactured Gas and Coke Plant Site

Siope Calculated Risk
Parameter Factor HHRA GLI CTE
(mg/kg-day)}-1 Values Consumption | Exp.Duration
Arsenic 1.5 2.67E-06 3.03E-07 8.08E-08
Benzene 0.029 2.16E-07 2.45E-08 6.53E-09
Total Risk 2.88E-06 3.28E-07 8.74E-08
Risk Equation:
Risk=Intake(g/kg-day)*1000(mg/g)“Slope Factor(mg/kg-day)-1
Intake Equation
(CxCFxCRIxFIXEFXED)/(BWxATx365days/yr)
| HHRA GLI CTE

Intake Parameters Values Consumption | Exp.Duration
c Concentration in Fish (ug/kg)

Arsenic 2.2 2.2 2.2

Benzene 9.2 9.2 9.2
CF___|Conversion Factor (10E-9 kg/ug) 1E-09 1E-09 1E-09
CRf__|Fish ingestion (g/day) 132 15 15
Fl Fraction ingested from site (unitless) 1 1 1
EF Exposure Frequency {(meals/yr) 365 365 365
ED |Exposure Duration (years) 30 30 8
BW _ |Body Weight (kg) 70 70 70
AT Averaging Time (yrs) 70 70 70

p:\13\49\003\wep\fs\sec3\fish2.wb2
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Appendix 4-A

Preliminary Evaluation of Effectiveness of Proposed
Vadose Zone Soil Remediation

1.0 Introduction

As discussed in Section 4.3.1, the soil remediation zones include visually-delineated PAH
Remediation Zones and the pre-defined Arsenic Remediation Zone, as depicted in Figure 4-A-1.
These delineations are intended to satisfy the soil Remedial Action Objectives (RAOs) at the WCP

site.

This appendix has two objectives:
1. Present a confirmation process for the evaluation of soil removal plans in order to ensure the
attainment of soil RAOs; and

2. Present a preliminary evaluation of the effectiveness of the delineated soil remedy.

A common element in the above discussion is the representative exposure concentration (REC),
which is described in Section 2 of this appendix. Section 3 of this appendix presents the outline of
the soil excavation confirmation process, while Section 4 of this appendix provides the preliminary
results of the effectiveness of the delineated soil removal based on the analysis of the existing soil

data.
2.0 Representative Exposure Concentration (REC)

As discussed in Section 3, soil Remedial Action Objectives (RAOs) at the WCP site are defined
within the context of risk-based cleanup goals. Such risk-based remedial goals are intended to be
compared to representative exposure concentrations (RECs) over specified exposure domains. These

comparisons will ensure protectiveness of the remedy.

The REC is one of the key variables in estimating exposure in risk calculations. U.S. EPA Risk
Assessment Guidance for Superfunds, Volume 1. Human Health Evaluation Manual (Part A),
Interim Final, EPA/540/1-89/002, 1989 (RAGS Part A) defines the REC as the arithmetic average of
the concentration that is contacted over the exposure period. U.S. EPA Ecological Risk Assessment

Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments,

59101 4-A-1



T e H 3

Interim Final, EPA 540-R-97-006, June 1997 (Ecological RAGS) defines the representative
concentrationr as the level of contaminant occurring at exposure. The representative concentration

is also referred to as “the concentration term” in the intake equation.

The appropriate computation of RECs must incorporate the observed large variability of measured
chemical data. Such variations are typical in contaminated sites, which have prompted U.S. EPA

to recommend the use of statistical methods for computing representative concentrations.

The REC is not a point value but rather is a value associated with an exposure domain, i.e., an
area over which the exposed population is likely to come into contact with a contaminant over the
targeted exposure duration. The REC is conservatively estimated as the upper confidence limit of
the arithmetic mean concentration (UCL), as described in USEPA Supplemental Guidance to
RAGS: Calculating the Concentration Term, Publication 9285.7-08, May 1992. U.S. EPA Methods
for Evaluating the Attainment of Cleanup Standards, Volume 1: Soils and Soil Media, Chapter 6
(Box 6.7), EPA230/02-89-042, 1989 (Cleanup Attainment Guidance) describes procedures to compute
UCL, as

UL = m+t

hY
l1-a,n-1 :/:

where,

UCL = Ubpper confidence limit of the mean;

m = Arithmetic mean;

tian; = Student’s ¢ value with an exceedance probability of « and n-1 degrees of freedom;
s = sample standard deviation; and

n = number of samples.

At the WCP site, the attainment of soil RAOs will be assessed by computing UCL of constituents of
concern over appropriate exposure domains centered around various remediation zones, consistent
with the above U.S. EPA guidance. The extent of the exposure domains at the WCP site are

discussed in the following subsection.
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2.1  WCP Exposure Domains

As noted in Section 3.2.5, the appropriate exposure domain must be consistent with risk exposure
scenarios and frequencies used in development of the soil remedial goals. Consistent with the
HHRA (U.S. EPA, 1995a), an industrial/commercial exposure domain, within which a worker may
spent her or his entire professional life (i.e. 25 years), is conservatively determined to be 5 acres.
Recent development of a Geographical Information System (GIS) database for Waukegan area
transportation study further confirms the appropriateness of the 5-acre exposure domain as a
representative domain size under an industrial/commercial scenario, although the complete parcel

database for Lake County is still being developed.

Figure 4-A-2 depicts the extent of the 5-acre exposure domains over the various soil remediation
zones. This figure also shows available subsurface soil samples used in the preliminary evaluation
of the effectiveness of the delineated remedy in attaining soil RAOs. Concentrations of
benzo(a)pyrene are shown relative to RHE soil risk values at levels of 10%#, 10° and 10°.
Benzo(a)pyrene exceeded RHE standards more than any other parameter and was therefore used as

an indication of risk exceedance.

For the sake of conservatism, Section 4 of this appendix also evaluates the effectiveness of the
delineated soil remedy using smaller 2.5-acre exposure domains, as delineated in Figure 4-A-3.
Under both exposure domain arrangements, the western portion of the site that is almost un-
impacted by the soil remediation zone is viewed as a single exposure domain, as depicted in Figures
4-A-2 and 4-A-3.

3.0 Excavation Confirmation Process

The attainment of the soil cleanup goals will be evaluated based on the process defined in U.S. EPA
Methods for Evaluating the Attainment of Cleanup Standards, Volume 1: Soils and Soil Media,
Chapter 6, EPA230/02-89-042, 1989 (Cleanup Attainment Guidance). For this purpose, post-
excavation confirmatory sampling will be collected and analyzed as described below. This section

provides a summary of basic components of the confirmatory sampling.
Objective: The objective of the confirmatory sampling is to ensure that within each exposure

domain, the subsurface soil REC of constituents of concern is less than their corresponding 10*

RHE soil nsk values, as determined in Section 3.
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Confirmatory Sampling Procedure: The sampling will be conducted according to a statistically-

based random procedure, involving the following steps:

* Step 1. Number of Confirmatory Sampling Points: On average, there will be one sample every
50 feet along the excavated perimeter of each soil remediation zone. For this purpose, the
perimeter of each excavated zone will be measured. The measured perimeter length in feet will
be divided by 50 feet and rounded to the nearest largest whole number. This value will be the
number of confirmatory samples along the perimeter of the targeted excavated area. For small

subsurface soil excavated area, there will be at least three samples.

¢ Step 2. Lateral Sampling Locations: A starting point along the excavated perimeter will be
selected. This point will be randomly situated from the most southern corner of the excavated
area in a counter-clockwise direction. Other lateral sampling locations will be situated

uniformly with respect to the starting point along the perimeter of the excavated area.

¢ Step 3. Vertical Sampling Locations: Upon determination of the lateral location of a
confirmatory sample along the excavated perimeter, the depth of that sample will be selected
randomly along the subsurface soil excavation depth. Each sample will be representative of a
one-foot segment of the wall, centered randomly at a 1, 2 or 3 foot depth along the excavated

wall.

* Step 4. Chemical Analysis: Each confirmatory sample will be subjected to chemical analysis to

determine concentrations of the constituents of concern.

¢ Step 5. Confirmation: The results of confirmatory soil data will be added to the existing
subsurface data in each exposure domain. Using the expanded data set, subsurface RECs in
each exposure domain will be computed as the 95% upper confidence limit of the mean
concentration (95 UCL). 95 UCLs will be computed for each of the constituents of concern. In
these computations existing data points within the excavated area will be assigned values
equivalent to a one-half detection limit, or a representative concentration of the fill material if
other than the clean fill. The computed subsurface soil RECs will be compared to the 10* RHE

soil risk values, as determined in Section 3.

¢ Step 6. Excavation Expansion: In the event of a confirmatory failure, all or portions of the

excavated perimeter will be expanded. These expanded portions will be treated as new
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excavated areas, which will be subjected to confirmatory sampling procedures as described in

Steps 1 through 5.

The above procedure provides a conservative process to confirm attainment of soil RAOs at the

WCP Site.

4.0 Preliminary Evaluation of Delineated Soil Remedy

As a preliminary evaluation, the attainment of soil removal RAOs is simulated for each exposure
domain. In these calculations, the existing data within each remediation zones are assigned values
corresponding to the representative concentrations of the Designated Stockpile soil. Below-

detection values are assigned values equal to one-half of the reported detection limits.

The corresponding values over the WCP exposure domains, as depicted in Figure 4-A-2, are listed
in Table 4-A-1. The computed RECs indicate that the delineated removal actions not only will
satisfy RHE risk values to 10, but also meet the highly conservative RME risk values.

For the sake of conservatism, the RECs are also calculated for the smaller 2.5-acre exposure
domains, as depicted in Figure 4-A-3. The corresponding RECs are listed in Table 4-A-2, which
indicate that similar to the previous case, the delineated soil removals will surpass soil RAOs, even

under the highly conservative RME scenario.

Due to the limited nature of the existing surface soil data, the effectiveness of the surface soil
remedy is not numerically evaluated. However, Figure 4-A-4 clearly indicates that the existing
surface soil, outside of the soil remediation zones, meets the soil RAOs, as discussed in Section 3.
As a means for comparison, surface and subsurface arsenic samples are shown on Figure 4-A-5. As

with benzo(a)pyrene, arsenic also meets soil RAOs.

5.0 Extent of Soil Remediation Zones Under More Stringent Risk
Levels

The extent of the soil remediation zones is determined by the soil RAOs, as discussed in Section 3
of this FS. The above section provided preliminary evaluation of the delineated soil remediation
zones based on the soil RAOs aimed at treating all soil that pose risks in excess of 10 risk levels

under an industrial/commercial scenario. To further evaluate the reasonableness of the delineated
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soil remediation zones, their extent has been computed under more stringent 10° and 10° risk

levels using the conservative REM assumptions.

To attain cleanup under the above more stringent RAOs larger areas of the WCP soil has to be
targeted for excavation and/or treatment. To determine the extend of the remediation zones under
the more stringent risk levels, an iterative procedure consistent with the risk-based RAOs are
pursued. For this purpose, extent of soil remediation zones are expanded, where their post-

remedial REBS are computed, as described in the previous section.

Figures 4-A-6 and 4-A-7 display the expanded soil remediation zones that meet the requirements of
the 10° and 10° REM risk levels, respectively. Figure 4-A-1 shows the current soil remediation
zones, which as demonstrated in the previous section, will satisfy 10-4 REM risk levels. Figure
4-A-8 summarizes the effect of the selected risk levels on the volume of soil remediation zones.
These results further confirm the effectiveness and reasonableness of the delineated soil

remediation zones in Figure 4-A-1.

59101 4-A-6



Table 4-A-1
5-Acre Exposure Domain RECs

RME RHE Exposure Domains
Analyte 10-4 10-4 1 2 3 4
Arsenic 268| 20500 73.38 69.79 22.82 5.76
Benzo(a)anthracene 594 15000 5.50 14.22 714 4.80
Benzo(a)pyrene 59.4 1500 3.22 10.70 4.18 4.81
Benzo(b)fluoranthene 594| 15000 4.56 12.28 5.73 5.77
DiBenzo(a,h)anthracene 59.4 1500 0.65 6.90 0.83 3.78
Indeno(g,h,i)pyrene 584 15000 1.28 8.06 1.69 4.22

All values shown in parts per million (ppm)
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Table 4-A-2

2.5-Acre Exposure Domain RECs

RME| RHE Exposure Domains
Analyte 10-4{ 10-4] 1 North| 1 South| 2 North|2 South{ 3 North| 3 South 4
Arsenic 268{20500| 67.30f 92.58] 129.39] 36.34] 43.42 1210 5.76
Benzo(a)anthracene 594115000 6.75 6.39] 22.83 9.02 6.00 9.59] 4.80
Benzo(a)pyrene 59.4] 1500 3.52 3.94] 18.04 5.09 3.57 5.55| 4.81
Benzo(b)fluoranthene 594115000 4.82 571 19.77 7.01 4.85 7.66] 5.77
DiBenzo(a,h)anthracene| 59.4f 1500 0.71 0.77{ 13.37 0.91 0.87 0.96] 3.78
Indeno(g,h,i)pyrene 594} 15000 1.44 1.55| 14.93 1.97 1.55 213} 4.22

All values shown in parts per million (ppm)
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Appendix 4-B

Groundwater Treatment Zone Selection

The analysis of groundwater discharge to surface water in Section 2 and Appendix 2-D showed that
the discharge of site groundwater to surface water does not result in exceedance of surface water
quality standards in those areas where Lake Michigan Basin water quality standards are applied
(the harbor and breakwater areas). For groundwater discharging to the open waters of Lake
Michigan directly east of the site (the Lake), a site-specific groundwater RAO to reduce the mass

within the area of impacted groundwater will be applied as defined in this appendix.

The area of impacted groundwater is described in detail in Section 2. This work focuses on the
area of impacted groundwater that discharges to the Lake. Within this area, the zone where mass
reduction will be beneficial is defined by the proportion of COC mass addressed in relation to the
effort expended. The COC mass proportion 1s measured as the percent of the total mass within the
area of groundwater discharging to the Lake. The effort expended is measured by the areal extent
of the action. This evaluation can be performed for arsenic, using Figure 4-B, a graph of the
percent mass of arsenic versus area for the groundwater discharging to the lake. As the arsenic
concentration falls from 40 mg/L to 20 mg/L, a 12 percent increment in area adds a 10 percent
increment in mass. From 20 mg/L to 10 mg/L. a 32 percent increment in area yields only a

12 percent increment in mass. Because this represents a disproportionate level of effort for the
potential benefit obtained, the potential target area for arsenic would be in the concentration range

of 20 mg/L to 40 mg/L.

Figure 4-B-2 is a graph of the percent mass of total phenol versus area for the groundwater
discharging to the lake. Applying the same procedure as for arsenic, the total phenol potential
target area is at about 500 mg/L.

Figure 4-B-3 is a graph of the percent mass of ammonia versus area for the groundwater
discharging to the lake. Again, applying the same procedure as for arsenic, the ammonia potential

target area is between 500 mg/L and 1,000 mg/L.
In order to delineate the groundwater treatment zone, the estimated limits of the areas for each

parameter are shown on Figure 4-B-4. The figure shows the groundwater divide for the area
discharmng to the lake. The areas exceeding 500 mg/L ammonia, 500 mg/L total phenols. and
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20 mg/L arsenic are as shown. Where these three areas overlap will be the zone of greatest

effectiveness for groundwater treatment. This is the preliminary groundwater treatment zone.

This delineation must be considered preliminary, as it is based on combining data from 1996 and
1997. The data density is sufficient to define potential concentration limits but is not sufficient to
resolve concentration isopleth positioning. During remedial design, the delineation will be defined
with additional data collection from this portion of the site. Additional investigation is likely to

include sampling groundwater along a north-south transect on the beach.

For the purposes of defining the Groundwater Treatment Zone for this FS, the 20 mg/L arsenic
contour was used. This area more than encompasses the preliminary groundwater treatment zone
shown on Figure 4-B-4. Using the 20 mg/L arsenic contour also assures groundwater discharging to
the breakwater area will be treated the same as groundwater discharging to the “open waters” area

of the lake, and defines a zone adjacent to the new slip for groundwater treatment.

Review of the groundwater mixing model (Appendix 2-D) shows that groundwater discharging to
the lake is not expected to produce exceedances of lake standards under average or high mixing
conditions. (Although phenols are computed to exceed standards, natural attenuation mechanisms
operate strongly on phenol so that it is unlikely to cause exceedances.) Appendix 2-D suggest there
is the potential for exceedances of the ammonia standard under low mixing conditions in the
absence of remedial action. Remedial actions have a significant effect on the mass flux of ammonia
to the lake, as explained in Appendix 5-D. Thus, implementing a groundwater remedy will
significantly reduce the likelihood of ammonia standard exceedances in the lake adjacent to the

site.

[N
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Appendix 4-C

Description of Remedial Technologies and Process Options
Vadose Zone Soils

No Action
The no-action alternative constitutes the absence of any remedial actions. No action is considered
as a baseline for comparison to all other potential remedial actions as required by the Contingency

Plan (40 CAR 300.430(e](6]).

Routine Monitoring

Routine monitoring consists of periodic sampling of soils during implementation of a remedy.
Routine monitoring may be used to determine changes in contaminant distribution over time,
evaluate treatment performance, or determine the integrity of access and development use

restrictions.

Institutional Controls (Access/Use Restrictions)

Access restrictions, such as fences, gates, plantings, or other physical barriers, are intended to
limit contaminant exposure. Development restrictions reduce or eliminate contaminant exposure
by limiting the scope of work on the property (e.g., limiting building construction to slab-on-grade;

requiring personal protective measures for subsurface work).

Containment

Containment systems are designed to prevent migration of impacted media. These systems include
both horizontal and vertical barriers. Although vertical barriers are not effective for soil
remediation at the WCP site, they are considered for groundwater remediation and discussed in
groundwater response actions. Horizontal barriers that may be effective for site soils include caps

as discussed below.

Cap

A horizontal barrier or cap is placed over contaminated soils to minimize infiltration of
precipitation through the vadose zone. Caps reduce or eliminate exposure to surface soil by
dermal contact and ingestion. The suitable caps for the WCP site include a soil cover, asphalt

cap, low permeability cap and phytoremediatior: cau
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Soll Cover
A layer of soil and vegetation is placed over the contaminated area, encouraging runoff
by providing a sloped surface and enhancing evapotranspiration, to reduce the net

infiltration.

Asphait Cap
Continuous asphalt or bituminous asphaltic concrete caps are placed over graded areas.
Suitable subbase may be required if existing soils are not appropriate from an

engineering standpoint.

Low-Permeability Cap

Low-permeability caps employ the use of clay or synthetic membranes to reduce water
infiltration and exposure to surface soils. Clay caps are installed by: (1) grading the
site, (2) applying a compacted clay layer over the contaminated area, (3) covering the
clay with topseil, and (4) establishing vegetation to prevent excessive moisture loss and
reduce erosion. Similarly, synthetic membranes are installed by: (1) subbase grading,
(2) placement of a clean fill layer, (3) membrane placement, and (4) placement of a

topsoil layer to protect the membrane and sustain vegetative growth.

Phytoremediation Cap

A phytoremediation cap consists of a cover of selected trees, shrubs, and native grasses.
Within the Midwest region, selected trees for PAH-impacted soils include hybrid poplar,
eastern red cedar, black locust, mulberry, and Osage orange. Shrubs and native
grasses could provide ground cover. Establishing a tree cover may take eight to ten

years depending on the species of tree.

The plants restrict the offsite movement of water-soluble contaminants by (1) reducing
leaching by water removal through plant transpiration, (2) immobilization through
binding to organic root material, (3) degradation by root-stimulated microflora, (4) plant
uptake and metabolism, and (5) prevention of soil and wind erosion. Phytoremediation

caps may also limit pedestrian access to an area.

Excavation and Disposal

Excavated soils can be placed in a controlled facility. This approach minimizes further migration

of contaminants. Controlled facilities include onsite and offsite landfills or vaults.
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Onsite Disposal

Excavated soil can be placed in an onsite vault or other secure containment cells for long-term
storage. This method of disposal isolates the waste from groundwater. Typical vault
construction consists of: (1) a liner system composed of two layers of synthetic membrane over
a clay base, (2) a leachate collection system over the primary liner, (3) a leak detection system
between the primary and secondary liner, and (4) a synthetic membrane or clay cap over the

contaminated soil.

Offsite Disposal

Offsite disposal facilities include RCRA Subtitle D landfills, RCRA Subtitle C landfills, and
industrial landfills. The transported waste must meet the specifications of a landfill, and thus,
may require pretreatment. In general, Subtitle D landfills are solid waste (municipal) landfills
and accept only non-hazardous waste. Subtitle C landfills may accept hazardous waste;
however, pretreatment in accordance with land disposal regulations may be required for

disposal.

Excavation and Treatment

Excavated soil can be processed on- or off-site through a treatment system. On-site treatment

requires an adequate area for storage and treatment of excavated soil. Off-site treatment is

conducted at approved treatment facilities.

Treatment technologies include physical, chemical, or biological removal of contaminants from the

soil matrix. Process options for treatment of soils ex-situ include land treatment, composting,

biopile, thin spreading, aeration, bioslurry reactor, soil washing, stabilization/solidification, low-

temperature thermal desorption, solvent extraction, incineration, vitrification, cement kiln

incineration/fuel blending, and chemical oxidation.

Biological Treatment
Biological treatment of organic contaminants is achieved through enhancement of the activities
of existing microorganisms in the soil. Process options for ex-situ biological treatment include

land spreading or composting, biopile, and bioslurry reactor.

Land Spreading/Composting
Land spreading or composting technology biodegrades organic constituents in contaminated

soil 1n an aboveground treatment facility.
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Thin spreading is essentially a mass transfer technology whereby the organic compounds in
a thinly spread soil layer on the ground surface volatilize. Photodegradation and increased

natural biodegradation also occurs.

The biodegradation and stabilization of organic fractions by composting depends on the
optimal interaction of temperature, oxygen, moisture, and the carbon/nitrogen/phosphorous
ratio. Composting relies on the microbial activities to decompose organic material into
more stable, humus-like substances. This technology has been demonstrated as technically
feasible for removing PAHs and petroleum from soils. Removal of PAH compounds occurs

at a much slower rate than petroleum compounds.

The most common methods of composting are windrow methods, static pile, and vertical
systems. In all methods, a bulking material is added to the contaminated soils or sludge to
provide structure or porosity, adjust the moisture content of the mass, and adjust the
carbon/nitrogen ratio. The mixture is either spread (windrow) or piled (static pile) or
placed into some type of containment vessel (vertical system). All these options require

aeration and leachate management.

Biopile

Biopile refers to the technelogy of biodegrading organic constituents in soils or sludges in a
covered or uncovered pile. The pile may have conduits for nutrient distribution and
venting. This technology has been proven effective for the removal of PAHs and petroleum

compounds.

Bioslurry Reactor

A bioslurry reactor consists of continuously stirred reactors that allow the soil to be mixed
into a slurry of soil and water. In a reactor, it is easier to control nutrient addition and air
venting. This optimizes the contact of microorganisms with organic compounds. This

technology has been proven effective for the removal of PAHs and petroleum compounds.

Physical/Chemical Treatment

Physical treatment includes processes that can physically separate or treat contaminants.

Soil Washing
Soil washing is a water or solvent-based process to remove contaminants, including volatile

organic compounds and petroleum residues. The process removes contaminants from soils
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in one of two ways: (1) by dissolving or suspending contaminants in the wash solution: or
(2) by concentrating contaminants into a smaller volume of soil through particle size

separation techniques similar to those used in mineral processing operations.

The concept of reducing soil contamination through particle size reduction relies on the
tendency of most organic and inorganic contaminants to bind, either chemically or
physically, to clay- or silt-sized soil particles. The silt and clay, in turn, are attached to
sand and gravel particies by physical processes, primarily compaction and adhesion.
Washing processes that separate the fine clay and silt particles from the coarser sand and
gravel particles effectively separate and concentrate the contaminants into a smaller
volume of soil that must then be further treated by another technology. Therefore, soil
washing is often used as a preprocessing step in reducing the quantity of matenal to be
treated by subsequent processes. Soils containing a large amount of clay and silt typically

do not respond well to soil washing, especially as a stand-alone technology.

Stabilization/Solidification

Stabilization/solidification utilizes reagents to facilitate a chemical or physical reduction of
the mobility of the contaminant. The reagent is mixed with the contaminated soil using
either a mixing vessel, mixing lagoon, or pit and allowed to cure. This technology is
primarily effective for immobilizing metals and inorganics and has more recently been

found to be effective for organic-contaminated soil.

Thermal Desorption

Low-temperature thermal desorption uses elevated temperatures (approximately 800°F to
1000°F) to volatilize organic contaminants from the soil. The organic compounds are then
destroyed in an afterburner at temperatures of approximately 1400°F or higher. The air
stream is then discharged through a stack. The end product is a dry soil containing trace
amounts of the organic residual (predominantly heavier, nonvolatile, immobile compounds)
that is not volatilized off the soil. This technology is in widespread use for the treatment of

petroleum-contaminated soils and is demonstrated for PAH-contaminated soil.

Solvent Extraction

Solvent extraction uses a liquid solvent for leaching a soluble substance from a solid
matrix. Generally used as one of a series of unit operations, solvent extraction reduces the
volume of hazardous waste to treat by separating out the contaminants from solids,

sludges, and sediments. This can reduce overall cost for managing a site. This process is
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suitable for organic wastes but generally not applicable for treating inorganics and metals.

The technology uses water or water with wash-improving additives.

Incineration On-Site or at a RCRA Facility

Incineration uses high temperatures to heat the contaminated soil and volatilize and
destroy the contaminants contained on the soil. Although there are several types of
incinerators, the principle is basically the same for all types. The entire contaminated soil
matrix is heated to approximately 1500° F and the contaminants are driven off and
destroyed. The end product is a dry soil with trace amounts of the organic residual. The
higher temperatures provided by incineration are typically not necessary to destroy

contaminants typically associated with petroleum-contaminated soils.

Co-Burning at Power Plant

Co-burning soil and/or tarry material includes transportation of the soil material to a
power plant. The power plant is able to burn coal tar related waste because of an
exemption in the regulations. The coal tar waste is mixed with coal and burned as a

supplemental fuel at the power plant.

Vitrification

Vitrification is based on the concept of joule-heating to electrically melt soil or sludge. Melt
temperatures, in the range of 1600°C to 2000°C, act to destroy organic pollutants by
pyrolysis. Inorganic pollutants are immobilized within the vitrified mass. Both the
airborne organic and inorganic combustion by-products are collected in a negatively
pressurized hood that draws the contaminants into an off-gas treatment system that

removes particulates and other pollutants of concern.

Cement Kiln Incineration/Fuel Blending

Cement kiln incineration and/or fuel blending involves transportation of soil and/or tarry
material using the waste as a supplemental fuel in the production of cement. Tar material
would be excavated from the site and either used in its semi-solid state or transformed into
a pumpable form (a process called liquification) and burned as a fuel at a cement kiln
facility located at an off-site location. Management of the waste as a solid or liquefied

blend is dependent on the particular technology offered by the fuel blending company.
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Chemical Oxidation

Oxidation adds chemical compounds to oxidize organic contaminants and liberate free
oxygen. The presence of heat and a catalyst may enhance its effectiveness. The most
common oxidizing agents are hydrogen peroxide and ozone; catalysts may include metals
such as iron, aluminum, and copper. Ultraviolet radiation can enhance the oxidation
process. The presence of photosensitive materal can significantly enhance the oxidation of

highly halogenated organic compounds (U.S. EPA, 1992b).

In-Situ Treatment

In-situ treatments are processes which treat contaminated soils in place without excavation or
other extractive techniques. In-situ options include aerobic bioremediation, phytoremediation,
bioventing, stabilization/solidification, soil/solvent flushing, vapor extraction, thermal oxidation,

and witrification.

Biological Treatment
Biodegradation is the oxidation of organic matter by microorganisms. Microorganisms either
metabolize the organic contaminants or the contaminants are transformed into other organic

compounds via co-metabolism processes.

Aerobic Bioremediation

In-situ biodegradation stimulates the metabolism of naturally occurring soil
microorganisms to degrade petroleum hydrocarbons to carbon dioxide, water, and humus.
Microorganism stimulation is achieved by providing oxygen and nutrients. This process
may also involve introducing cultured bacterial strains and adjustment of soil moisture,
pH, and temperature. There are several methods of providing oxygen and nutrients to the

soil.

Potential treatment levels range from low to high, depending on the wastes present and
the suitability of the site and soil for maintenance of aerobic conditions. This technology is
best suited to sandy soils. Soils with a low permeability, low pH, and variable soil

conditions may lead to inconsistent or hindered biodegradation.
Phytoremediation

Phytoremediation caps consist of a cover of selected trees, shrubs, and native grasses. The

plants restrict the off-site movement of water soluble contaminants by (1) reducing
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leaching by water removal through plant transpiration, (2) immobilization through binding
to organic root material, (3) degradation by root stimulated microflora, (4) plant uptake and

metabolism, and (5) prevention of soil erosion.

Bioventing

In situ bioventing is a venting system to enhance bioremediation of organic compounds.
Horizontal or vertical wells or vent points or lines are installed to transfer air to the soil by
pumping air. The increased circulation of air enhances bioremediation of organic

compounds. Nutrients may be added to the system.

Physical/Chemical Treatment
Physical/chemical treatment includes processes that can treat contaminants through chemical

reactions.

Stabilization/Solidification

This technology reduces the mobility of soil contaminants. Deep soil mixing techniques can
be used for in-situ stabilization/solidification. Stabilizing agents are applied directly to the
contaminated soil and blended using mixing paddles or augers. Upon completion of the
process, continuous stabilized mass is left behind. The depth of treatment by this
technology is limited by the depth to bedrock. VOC compounds are typically not
immobilized with this technology but are instead driven off by the heat of reaction during

the process.

Soil/Solvent Flushing

In-situ flushing is similar to biotreatment, except that surfactants and/or polymers are
added through upgradient injection wells to remove contaminants that adhere to the
surface of soils. Downgradient groundwater, which contains surfactants, pelymers, and
contaminants, must be collected and treated. Caution must be taken against migration

along uncontrolled pathways.

Vapor Extraction

Soil vapor extraction systems recover volatile contaminants from unsaturated soils by
extracting air via a vapor recovery well. The process involves the use of vacuum pumps
and a series of vertical or horizontal wells. The system operates by applying a vacuum
through a piping system to the wells. which are sealed at the surface. The vacuum

established in the soil draws the vapor-phase volatile organic compounds from the soil
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pores and draws fresh air from the soil surface into the vadose zone. The removed volatile
organic vapors are processed through a liquid-vapor separator prior to treatment or direct
discharge to the atmosphere. Treatment units may consist of activated carbon beds,
catalytic converters, or afterburners. The surface is usually sealed with a liner to prevent
air short-circuiting and infiltrating rainwater. Sealing the surface also forces air to be

drawn from a greater distance and ultimately contact a greater volume of soil.

Thermal Oxidation

The thermal blanket system consists of an insulated thermal blanket with heaters and a
vapor extraction system. The vapor extraction system is operated at a negative pressure to
collect and prevent off-gas emissions, reduce upward heat loss, and eliminate odor. The
effectiveness of this process has been demonstrated at full-scale for removal of organics

from vadose zone soil.

Vitrification

In-situ vitrification is based on the concept of joule-heating to electrically melt soil or
sludge. Melt temperatures, in the range of 1600°C to 2000°C, act to destroy organic
pollutants by pyrolysis. Inorganic pollutants are immobilized within the vitrified mass.
Both the airborne organic and inorganic combustion by-products are collected in a
negatively pressurized hood that draws the contaminants into an off-gas treatment system

to remove particulates and other pollutants of concern.
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Groundwater

No Action

The no action alternative constitutes the absence of any remedial actions. No action 1s retained as

a baseline for comparison to all other potential remedial actions as required by the NCP.

Routine Monitoring

Groundwater and surface water monitoring consists of periodic sampling and analysis to evaluate

temporal changes in water quality and the potential for offsite migration.

Institutional Controls (Access/Use Restrictions)

Institutional controls involve placing a legal restriction on placement of water supply wells or
water use. Existing ordinances, rules, practices, and laws that preclude the installation of water

supply wells at this site are:
* (City water is available at Seahorse Drive.

e The Waukegan zoning code prohibits wells in new residential developments where city

water is available.
¢  Waukegan restricts the installation of industrial wells,

* The Health Department issues state-required well installation permits and denies permits

for locations with known groundwater contamination.

* The county also prohibits installation of wells within a certain distance of contaminated

areas.

* Illinois allows “negative easements” to be purchased from adjacent property owners in

order to restrict groundwater use.

Monitored Natural Attenuation

Monitored natural attenuation is the natural degradation of contaminants including
bioremediation, mixing, dilution, adsorption and other natural processes that reduce the

concentration of contaminants over time.
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Groundwater Extraction
Groundwater extraction must be combined with treatment and discharge/disposal alternatives to

comply with applicable regulations.

Extraction Wells

Extraction wells are used to establish a capture zone for the contaminated groundwater plume.
The well location(s) and pumping rates are determined from hydrogeologic models or pumping

tests.

French Drain or Horizontal Wells
Groundwater interception is typically achieved using trenches, french drains, and/or horizontal
wells. These systems can capture the lateral migration of groundwater contaminants, and may

be designed to intercept specific vertical zones.

Groundwater Migration Control/Containment

Groundwater migration control/containment at the Waukegan site could be used to reduce

groundwater migration to the lake or harbor.

Hydrodynamic Containment

Hydrodynamic containment consists of a series of extraction wells that form a hydraulic barrier
or mound to redirect groundwater flow to a collection device. Hydrodynamic containment is
typically used in conjunction with other extraction and treatment technologies to comply with

disposal or discharge regulations.

Extraction Wells
Extraction wells establish a capture zone for the contaminated groundwater plume. The
well location(s) and pumping rates are determined from hydrogeologic models or pumping

tests.

Interception Drains/Horizontal Wells
Groundwater interception is typically achieved using trenches, french drains, and/or
horizontal wells. These systems can capture the lateral migration of groundwater

contaminants, and may be designed to intercept specific vertical zones of groundwater.
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Vertical Barrier
These systems consist of a continuous, impermeable or low permeability barrier, which inhibits the
horizontal migration of water, contaminants or vapors. These barriers are generally anchored into

a geologic formation of low permeability.

Slurry Wall
Slurry walls consist of a vertical trench backfilled with a bentonite or cement-bentonite slurry
as the trench is excavated. Cement-bentonite slurry walls are usually constructed using a

slurry of portland cement, bentonite, and water that sets up in the trench forming a solid

barrier.

A SoilSaw is a relatively new technology that forms a “mixed-in-place” slurry wall using a
continuous wall-forming process. In the SoilSaw barrier system, an innovative jetting beam is
used to cut through the soil and inject cement/bentonite grout into the resulting narrow trench.
The grout is blended with the soil in situ and hardens to form a highly impermeable barrier

wall.

Sheet Pile Wall
Sheet piles can be driven or vibrated into place, provided no significant obstacles such as

boulders and debris are likely to be encountered.

Cap

A horizontal barrier or cap placed over contaminated soils minimizes infiltration of precipitation
through the affected area, thus reducing the transport of contaminants to groundwater. The caps
considered effective at the WCP site include a soil cover, asphalt cap, low permeability cap, and

phytoremediation cap.

Soil Cover
A layer of soil and vegetation which covers the contaminated area, encouraging runoff by

providing a sloped surface and enhancing evapotranspiration to reduce the net infiltration.

Asphalt Cap

Asphalt or bituminous asphaltic concrete caps are created by grading the site, installing
suitable subbase if existing soils are not appropriate from an engineering standpoint, and
laying a continuous iayer of asphalt paving material over the soil. Stormwater collection is

generally required 1n conjunction with nlacement of large areas of asphalt.
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Low-Permeability Cap

Low-permeability caps employ the use of clay or synthetic membrane to reduce water
infiltration and exposure. Clay caps are installed by: (1) grading the site, (2) applying a
compacted clay layer over the contaminated area, (3) covering the clay with topsoil, and

(4) establishing vegetation to prevent excessive moisture loss and reduce erosion. Drainage
layers may be installed above or below the cap. Similarly, synthetic membranes are installed
by: (1) subbase grading, (2) placement of a clean fill layer, (3) membrane placement,

(4) drainage layer placement, and (5) placement of a topsoil layer to protect the membrane and

sustain vegetative growth.

Phytoremediation

A phytoremediation cap consists of developing a community of selected trees, shrubs, and
native grasses over the area of concern. The plants restrict the offsite movement of water-
soluble contaminants by (1) reducing net infiltration by water removal through plant

transpiration, and (2) plant uptake and metabolism of contaminants in soil and groundwater.

Ex-Situ Treatment

Contaminated groundwater can be treated on site using biological, physical, or chemical processes,
or can be transported off-site to a private treatment facility for processing. Treatment would be

combined with extraction and either discharge or recirculation remedial technologies.

Biological Treatment

Biological treatment of water, like soil biotreatment, detoxifies waste stream organic matter

through microbial degradation.

Aerobic

The most common type of biological treatment is aerobic. A number of bioclogical processes
can treat water from coal tar sites. These include: (1) conventional activated sludge
techniques; (2) various modifications of activated sludge techniques (e.g., those using pure-
oxygen activated sludge, extended aeration, and contact stabilization); or (3) fixed-film
systems (e.g., rotating biological discs and trickling filters). The activated sludge process
introduces aqueous waste into a reactor containing suspension of aerobic bacterial culture.
The bacteria culture transforms organics into cell constituents, other organics, carbon
dioxide, and water. It also produces new bacterial cells. In the pure-oxygen activated

sludge process, oxygen or oxygen-enriched air repiaces ambient air and increases the
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transfer of oxygen. Fixed-film systems require contact of the aqueous waste stream with
microorganisms attached to some inert medium, such as rock or specially designed plastic

material (U.S. EPA, 1992a).

Anaerobic

The two most common anaerobic suspended growth processes used for the treatment of
wastewater are (1) the anaerobic digestion process and (2) the anaerobic contact process.
Anaerobic digestion involves the decomposition of organic and inorganic matter in the
absence of oxygen. The major applications are stabilizing concentrated sludges produced
from the treatment of wastewater and in the treatment of some industrial wastes. Dilute
organic wastes can be treated anaerobically. The anaerobic contact process includes

attached growth treatment process using a filter process (Metcalf & Eddy, 1979).

Physical/Chemical Treatment
Physical and chemical treatment processes include precipitation, ion exchange, air or steam

stripping, chemical oxidation, membrane filtration, carbon absorption, and sedimentation/

filtration.

Precipitation

This process transforms dissolved contaminant into an insoluble solid, facilitating their
subsequent removal from the liquid phase by sedimentation or filtration. The process
usually employs adjustments of pH, addition of a chemical precipitant, and flocculation.
Metals generally precipitate from the solution as hydroxides, sulfides, or carbonates. The
solubilities of the specific metal contaminants and the required cleanup standards will

dictate the process to be employed (U.S. EPA, 1992b).

lon Exchange

This process uses reactive ions, contained in a resin or other insoluble exchange material to
treat targeted soluble contaminants. The exchange material is either stirred into the water
or the water is passed through a bed or column containing the resin. The process can treat
a variety of reactants. The water to be treated must first be filtered to avoid premature

clogging of the system.

Air Stripping
Air stripping is a mass transfer process that enhances the volatilization of compounds from

water by passing air through water to improve the transfer between the air and water
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phases. Air stripping is one of the most commonly used processes for remediating ground
water contaminated with volatile organic compounds. Air stripping can be performed by

using packed towers, tray towers, spray systems, diffused aeration, or mechanical aeration.

Steam Stripping
Steam stripping removes volatile, and sometimes semivolatile, compounds from
groundwater or wastewater. This process is capable of reducing volatile organic compounds

in water to low concentrations. Steam rather than air is used as the stripping gas.

Chemical Oxidation

This process oxidizes ions or compounds to .render them nonhazardous or to make them
more amenable to subsequent removal or destruction processes. It is more useful as a
polishing step for dilute, relatively clean, aqueous wastes. The cost of chemicals,
particularly for nonselective oxidation, limits the application of this technology to heavily

contaminated wastes (U.S. EPA, 1992b).

Chemical oxidation primarily treats and/or destroys PCP, nonhalogenated aromatics, PAHs,
other polar organic compounds, and nonvolatile and volatile metals found at wood
preserving sites. Chemical UV oxidation is a well-established disinfection technology for
drinking water and wastewater. Enhanced systems now frequently treat hazardous

streams (U.S. EPA, 1992b).

Membrane Filtration

Membrane filtration technologies, such as reverse osmosis and ultrafiltration, separate
chemical constituents from water. Reverse osmosis is a pressure-driven, membrane-
separation process. It does not destroy the chemicals; it merely concentrates them, making
reclamation possible. Reverse osmosis is a low-energy process. It requires no phase
change for separation of the dissolved materials, nor latent heat of vaporization, fusion, or
sublimation. However, reserve osmosis and ultrafiltration are very sensitive to the
presence of fines that can clog the membranes. The membranes are also fragile; they often
rupture from overpressure. Reverse osmosis and ultrafiltration can treat groundwater
contaminated with PCP, heterocyclics, simple nonhalogenated aromatics, PAHs, other polar

organic compounds, some nonvolatile metals, and some volatile metals (U.S. EPA, 1992b).
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Carbon Adsorption

In adsorption, one substance binds to the surface of another by physical and/or chemical
means. In the adsorption process, contaminants transfer to the adsorbent, the most
common of which are activated carbon and resins. The imbalance of forces in the pore
walls of the adsorbent allow the contaminants to attach and concentrate. Once adsorption
has occurred, the molecular forces in the pore walls stabilize. For further adsorption,
regeneration of the adsorbent is necessary. Adsorption can effectively separate various

contaminants from aqueous streams (U.S. EPA, 1992b).

Adsorption, especially granular activated carbon (GAC) treatment, has removed PAHs.
other polar organic compounds, PCP, non-halogenated aromatics, and some nonvolatile

metals from water at wood preserving sites (U.S. EPA, 1992b).

Sedimentation/Filtration

Sedimentation uses gravitational settling to separate suspended particles that are heavier
than water. Filtration isolates solid particles by running a fluid stream through a porous
medium. The driving force in filtration is either gravity or a pressure differential across
the filtration medium. Filtration technigues include separation by centrifugal force,
vacuum, or high pressure. Therefore, filtration can separate various contaminant

particulates from an agueous stream (U.S. EPA, 1992b).

Off-Site Treatment

Extracted groundwater can be transported to a privately owned treatment plant. No pretreatment

would be required, but may reduce the cost if implemented.

In-Situ Treatment

In-situ treatment technology consists of injecting additives into the aquifer to destroy
contaminants. Destruction of the contaminants may be achieved biologically, chemically, or
physically. Process options include phytoremediation, biosparging, stripping, chemical fixation,

chemical reaction, and electrokinetic remediation.

Biological Treatment
In-situ biological treatment uses microorganisms in the presence of oxygen to degrade
groundwater contaminants. Biological treatment is most effective for groundwater in sandy

soils  Removal efficiencies of 90 to 95 percent (for aromatic hydrocarbons) are possible. Many
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factors influence the effectiveness of in-situ biotreatment, including treatment duration, soil
type, pH, temperature, and indigenous microorganisms. A typical biotreatment system consists
of a series of injection wells that are placed upgradient of the contamination plume.

Acclimated microorganisms (if necessary), oxygen, and nutrients are added to the groundwater.

Treatability studies are recommended prior to implementation of this technology.

Phytoremediation

Phytoremediation consists of developing a community of selected trees, shrubs, and native
grasses. The plants restrict the off-site movement of water soluble contaminants by

(1) reducing net infiltration by water removal through plant transpiration, and (2) plant

uptake and metabolism of contaminants 1n soil and groundwater.

Biosparging
Biosparging consists of injecting air into the saturated zone below the groundwater to
enhance bioremediation. Biosparging is conducted using a horizontal air sparge system

installed at the perimeter of the site, in treatment cells or in the core area.

Stripping
Stripping uses a system of injection wells to introduce air or steam into groundwater where

volatiles are removed by air stripping.

Physical/Chemical Treatment
In-situ physical/chemical treatment includes chemical fixation, chemical reaction, and

electrokinetic remediation.

Chemical Fixation
Chemical fixation is a system of injection galleries or wells used for chemical complexation

and precipitation of metals and inorganics.

Chemical Reaction
Chermmcal reaction is a system of injection galleries or wells to inject oxidizers such as ozone

or hydrogen peroxide into the groundwater.

Electrokinetic Remediation
Electrokinetic remediation uses a series of electrodes placed in soil and groundwater to

remove and recover jonic contaminants. The electrodes are placed in porous (or permeable)
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casings which are supplied with circulating electrolytes, anolyte for the anodes and
catholyte for the cathodes. Ionic contamination is captured in these electrolytes and
pumped to the surface, where it is passed through electrochemical ion exchangers. These
10n exchanges recover the contaminants selectively, permitting the contaminants to be
recovered in reusable form. Treatment can be delivered in situ, by using small scale batch

units, or by using large scale multi-batch lagoons (SRI International, 1997).

Discharge
This technology could be implemented if contaminant concentrations in the groundwater or treated
groundwater were below applicable discharge standards for discharge to surface water or for

recirculation into the groundwater.

Discharge to Surface Water (Lake Michigan/Waukegan Harbor)
Discharge of groundwater to surface water including Lake Michigan and Waukegan Harbor

would require treatment.

POTW
The public owned treatment works (POTW) for the Waukegan site is the North Shore

Sanitary District wastewater treatment plant. Pretreatment would be required prior to

discharge.

Reinjection/Reinfiltration

Reinjection typically consists of using large-diameter wells to: (1) reinject treated water,

(2) create a barrier to groundwater flow and contaminant migration, and/or (3) improve the
efficiency of a contaminant recovery system (see Hydrodynamic Contaminant above).
Reinfiltration uses drain fields or infiltration ponds designed to infiltrate water into the

vadose zone or beneath the groundwater surface.
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Appendix 4-D

Summary of Technology Evaluation Testing Results

1.0 Introduction

The following potential remedial technologies were evaluated through a series of technology tests

for vadose soil and groundwater from the WCP site:

Vadose-Zone Soil
¢ Thermal desorption
* Soil washing
* Fuel blending/cement kiln incineration

e Phytoremediation

Groundwater
¢ Pump test
¢ Slurry wall backfill mix design
¢ Electrochemical precipitation

¢ Aerobic bioremediation

Section 4.6.2 of the RI Report discusses the technology evaluation sampling (Barr, 1995a). The

following sections summarize the evaluation results:
2.0 Vadose Zone Soil

2.1 Thermal Desorption

Westinghouse Remediation Services, Inc. (Westinghouse) conducted the evaluation testing for the
thermal desorption technology. On November 5, 1993 a work plan was prepared for the study
titled Work Plan for Technology Evaluation Testing of Thermal Desorption for the Waukegan
Manufactured Gas and Coke Plant Site. The testing was conducted from December 1993 until
January 1994. The results of the testing are included in the report titled Technology Evaluation
Testing of Thermal Desorption for the Waukegan Manufactured Gas and Coke Plant Site dated
July 27, 1995. These reports have been submitted to the U.S. EPA.
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The media from the site used in the testing included a vadose zone soil sample and a pond
sediment sample. The vadose zone soil sample was collected from Test Trench 24, was composed
mostly of oily sand and slag, and would be considered PAH Remediation Zone soil. This sample
was tested using both the thermal desorption and soil washing technology discussed below. The

pond sediment was collected from Test Trench 30.

The thermal desorption process consists of the following steps:

1. Contaminated soil is fed into a sealed primary heating chamber that operates slightly

below atmospheric pressure in a oxygen-deficient, non-combustible environment.

2. Heating rods heat the soil via infrared thermal radiation to temperatures above the boiling
points of the contaminants, causing them to desorb from the soil and volatilize into the gas

stream.

3. Volatilized contaminants are transferred to the off-gas treatment system consisting of a
quench/scrubber unit that condenses the contaminants. Off-gases are treated with a

chevron mist eliminator and vapor carbon filter.

4. Condensed contaminants and water are treated in a water treatment system consisting of

an oil/water separator and an air-water cooler/heat exchanger.

The key conclusions from the thermal desorption testing were:

* Thermal desorption of PAH Remediation Zone soil is feasible. Test results indicated
effective treatment would require a temperature of 1,000°F and a detention time of
20 minutes. Because of the high temperature and long detention time this technology may

not be cost effective for PAH Remediation Zone soil.

* Benzene was not entirely volatilized during the thermal desorption testing. Since volatile
organic compounds such as benzene volatilize more readily than semivolatile organic
compounds, the incomplete removal of benzene may not accurately reflect the performance

of this technology.

* Thermal desorption is feasible for reducing the PAH concentration of the pond sediment.
However, the pond sediment ignited after testing when exposed to air. Westinghouse

claims that their full-scale thermal desorption equipment is designed to avoid this problem.
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In more recent work, thermal desorption technology has been successfully applied to the
remediation of manufactured gas plant soils. The Field Demonstration of Thermal Desorption of
Manufactured Gas Plant Soils, prepared for the Electric Power Research Institute (EPRI)
documented that the technology achieved removal/destruction percentages of 89 percent to

99.7 percent for PAH compounds in moist, clay-rich soils. The concentrations of total PAHs for the
influent samples ranged from 84 mg/kg to 3,733 mg/kg. The concentrations of carcinogenic PAHs
of the influent samples ranged from 17 mg/kg to 376 mg/kg. The range of removal/destruction for
carcinogenic PAHs was from 79 percent to greater than 99 percent. The excavation cleanup goal
for the field demonstration site was 100 mg/kg carcinogenic PAHs and 500 mg/kg total PAHs,
which was achieved. Two other MGP sites located in California were also included in the study,

and also completed successful thermal desorption treatment of PAH compounds.

Although thermal desorption technology has been demonstrated to cost-effectively remediate full-
scale MGP sites, several problems were observed during testing of Waukegan soil. The successful
application of this technology may require blending the soil to create a more homogeneous mix
than the PAH Remediation Zone or pond sediment used 1n the test. This blending process may not

be cost effective.

Other thermal treatment technologies may be more suitable for the Waukegan soils. For example,
in-situ thermal desorption using a “thermal blanket” system is a promising new technology for
vadose zone organic contamination. The system uses an insulated thermal blanket with heaters
operated at a negative pressure to collect contaminants, reduce upward heat losses, and prevent
contaminant migration and eliminate odors. Off-gas emissions are controlled by a vapor extraction
system. This system has been demonstrated as a full scale operation at other sites to successfully

remove organics from Vadose Zone soil.
2.2 Soil Washing

Westinghouse conducted evaluation testing for the soil washing technology. On November 29,
1993 a work plan was prepared for the study titled Work Plan for Technology Evaluation Testing
of Soil Washing Desorption for the Waukegan Manufactured Gas and Coke Plant Site. The testing
was conducted from March 1994 until April 1994. The results of the testing are included in the
report titled Technology Evaluation Testing of Soil Washing for the Waukegan Manufactured Gas
and Coke Plant Site dated July 27, 1995. These reports have been submitted to the U.S. EPA.
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The media from the site used in the testing was from the same vadose zone soil sample used for
the thermal desorption testing. The Westinghouse soil washing process consists of three general

treatment steps:

1. Particles greater than 6 inches in diameter are mechanically separated from the treatment

material during the initial screening wash step.

2. Contaminants are separated from sand and silt-sized particles during the solids break
up/wash step. The remaining contaminant is suspended in the liquid or attached to the

fines.

3. Based on density and size, solids (washed sands and silts) are separated during the
leaching/washing step. Contaminants concentrated in fines and aqueous solution are then

removed.

The key conclusion from the soil washing technology test was:

* Soil washing process did not separate or remove the PAHs from the large-size fraction of

the soil.

2.3 Fuel Blending/Cement Kiln Incineration/Co-Burning

Treatment of tar-saturated soil at a cement kiln involves using the tar waste as a supplemental
fuel in the production of cement. The tar material would be excavated from the site and either
used in its semi-solid state or transformed into a pumpable form and burned as a fuel at an offsite

location

Five waste service vendors offering fuel blending/cement kiln incineration were contacted and
asked to characterize the WCP tar waste relative to their acceptance criteria. In October 1993,
five 1-gallon buckets of tar-saturated soil were shipped to the following vendors: Cadence
Environmental Energy (Michigan City, Indiana), Heritage Remediation (Indianapolis, Indiana),
7-7, Inc. (Wooster, Ohio), Southdown Environmental (Crestview Hill, Kentucky) and Nortru, Inc.
(Detroit, Michigan). Four of the vendors, excluding Nortru, indicated that the tar samples
submitted for analysis met the acceptance criteria and would be suitable as a supplementary fuel

source at a cement kiln.
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Co-burning of PAH-contaminated soil in an electric generating station is a similar technology to
fuel blending and cement kiln incineration. This technology has been used successfully at
numerous MGP sites and has been approved in concept and in specific applications by U.S. EPA.
Several power plants have been permitted to accept MGP wastes for co-burning. For the WCP
site, PAH Remediation Zone soil could be excavated, processed, transported, and co-burned at
Ilinois Power’s Baldwin Station located near St. Louis, Missouri. Other facilities may become
available in the future. The soil would require some processing to remove large debris (over 1-foot
size) and would require mixing with a non-cohesive material to improve materials-handling
properties and to reliably pass TCLP. Wood ash or coal may be viable non-cohesive materials to

use for mixing.

2.4 Phytoremediation

Dr. John Fletcher of the University of Oklahoma completed the phytoremediation technology
evaluation. The evaluation was based on a January 28, 1998 visit to the WCP site and the Illinois
Beach State Park located four miles north of the site. The results previously submitted to U.S.

EPA in the report titled Implementation of Phytoremediation at the Waukegan, Illinois, Gas and
Coke Plant Site (Fletcher, 1998).

The evaluation concluded that plants and associated microorganisms introduced at the Waukegan

site would accomplish three different primary objectives:

1. Prevent soil erosion to minimize the contaminant migration via wind and surface water

2. Restrict contaminant leaching from soil to groundwater through evapotranspiration

3. Promote degradation of PAHs and other organic contaminants by enhancing soil aeration

and providing microbial substrates for contaminant degradation.

The key conclusions of the phytoremediation technology evaluation were:

* Phytoremediation is feasible technology at the WCP site. The climate, terrain, and soil

conditions are approprate for successful implementation.

* Based on site conditions, including climate, contaminant concentrations, and remediation

goals, specific piants were selected to maximize the degradation of organic pollutants. Tall
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grass species selected as appropriate ground cover included little bluestem, big bluestem,
indiangrass, and switch grass. Mulberry trees were selected for areas with high and/or

deep PAH contamination.

¢ Site preparation activities, such as plowing/harrowing and positioning the most highly
impacted soil near the ground surface, should be performed prior to planting. Plowing will
enable plant roots to grow and penetrate lower zones. Oxygen-dependent microbial
degradation and plant uptake are most active near the surface, where the most highly

impacted soil would be placed.

* Once the grasses and trees are established, they will stimulate microbial growth by
enhancing soil aeration and providing microbial substrates for PAH degradation. The
gradual degradation of pollutants will occur continuously; after a 15 or 20 year period,

insignificant amounts of PAHs will remain.

3.0 Groundwater

3.1 Pump Test

On November 4, 1993, Barr Engineering Company performed a constant-rate pumping test on the
sand aquifer to determine its hydraulic properties. The pumping test results were previously

submitted to U.S. EPA in the Remedial Investigation Report (Barr, 1995).

The pumping test results yielded the following information:

1. A pumping rate of 25 gpm was maintained with 5 percent of this target rate for a period of

9 hours.

2. The mean transmissivity computed from the pumping test was 0.84 ft¥min (1,200 ft%day),
yielding a hydraulic conductivity value of 47 ft/day (1.7 x 102 em/sec). This information,
along with other measures of hydraulic conductivity, are the basis for the site-wide
hydraulic conductivity estimate of 31 feet/day (1.1 x 10? cm/sec). These values fall within
the expected range for silty sand aquifers (0.4 ft/day to 400 ft/day; Freeze and Cherry,
1979).

3. The mean ratio of vertical to horizontal hydraulic conductivity is estimated to be 0.24.
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The key conclusion from the pumping test was:

* The hydraulic properties of the sand aquifer indicate it is capable of sustaining

groundwater pumping.

3.2 Slurry Wall Backfill Mix Design

IT Corporation conducted the slurry wall backfill mix design testing. A work plan was prepared in
November 1994 for the study and titled Siurry Wall Backfill Mix Design Work Plan. The testing
was conducted from March 1995 until October 1995. The results of the testing are included in the
report titled Slurry Wall Backfill Mix Design, Waukegan Manufactured Gas and Coke Plant Site,
Waukegan, Illinois dated November 1995. These reports have been submitted to the U.S. EPA.

The potentially representative slurry wall materials evaluated for this technology were offsite clay,
onsite sand, offsite sand, and onsite fill. Three borrow sources were identified and evaluated to
determine a clay source for the backfill mix design because clay is not available onsite. Onsite
sand was collected from soil boring SB-57 from a depth of 7 to 24 feet and used in the backfill mix
design. Onsite fill material was collected near the location of MW-7D and was visually observed to
determine whether this material could be used in the backfill mix. An alternate offsite sand
source was also evaluated should the onsite sand contain deleterious or contaminated materials

along the slurry wall alignment.

The representative waters evaluated for this technology were offsite noncontaminated water and
onsite contaminated water. The noncontaminated water was collected from the local water
treatment plant and was used in the backfill mix designs. The onsite contaminated water was
collected from monitoring well MW-9D and was used for bentonite filter cake and long-term

backfill mix permeability testing.

The key conclusions from the slurry wall backfill mix design testing were:

* The slurry wall backfill mix design is feasible. The backfill mix consisting of 40 percent
clay, and 60 percent onsite sand with 1.0 percent bentonite met both the short- and long-
term permeability testing requirements. The long-term permeability requirement of

107 cm/sec or less was achieved under the conditions tested.

* Onsite contaminated groundwater may be used; its chemical characteristics had a

negligible effect on permeability testing.
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3.3 Electrochemical Precipitation

Barr Engineering Company performed an electrochemical precipitation pilot study in October 1993
during the Phase II remedial investigation. The procedures and results were presented in the
Remedial Investigation Report (Barr, 1995). Onsite groundwater from pumping well PW-1, along
with water from well development and purging, was processed through an Andco water treatment
system. This system consisted of electrochemical precipitation to remove arsenic and GAC to

remove organic compounds.

Treatability results indicated that 95 to 99 percent of the arsenic was removed with the
electrochemical precipitation system under operational conditions. Influent concentrations of
arsenic III ranged from less than the detection limit of 0.01 to 0.113 mg/L and arsenic V ranged
from 0.378 to 1.09 mg/L. Final concentrations of arsenic III ranged from less than the detection
limit of 0.01 to 0.013 mg/L and arsenic V ranged from less than the detection limit of 0.01 to
0.064 mg/L. The pattern of removal performance was the same for arsenic III as for arsenic V.
The total removal for arsenic V was greater than arsenic [II. One test designed to explore the
envelope of useful operating conditions only achieved 63 percent removal. In that test, the initial
pH had been adjusted to 6. The operational conditions determined by the pilot test included a
137 ppm iron dosage for a flow rate of 10 gpm, with no pH adjustment required.

The electrochemical precipitation system generated a precipitate which was subsequently
dewatered with a filter press to produce a filter cake. A sample of the filter cake was analyzed for
TCLP for volatile and semivolatile organic compounds, pesticides and RCRA metals to evaluate
disposal alternatives. The filter cake sample did not exceed the TCLP thresholds for hazardous

waste classification.

The key conclusions from the pilot study were:

» Electrochemical precipitation is feasible and is an effective technology for the removal of

arsenic in site groundwater.

¢ The filter cake produced during the process may potentially be disposed of as non-

hazardous waste.

* Several factors must be considered if this technology is applied full-scale at the site.

Operating the treatment system was fairly labor-intensive, and the equipment was prone
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to breakdowns. Electrochemical precipitation would need to be combined with treatment

processes to address contaminants other than arsenic (i.e., phenols and ammonia).

3.4 Aerobic Bioremediation of Site Groundwater

Fluor Daniel/Groundwater Technology, Inc. evaluated the feasibility of aerobic bioremediation of
site groundwater. Various mixtures of groundwater from impacted and unimpacted areas of the
site were analyzed. The treatability testing protocols, results, and data interpretation were
presented in the May 1998 Treatability Study to Evaluate Aerobic Bioremediation of Contaminated

Site Groundwater, Waukegan Manufactured Gas and Coke Plant Site.

The study yielded the following information:

(1) Undiluted core area groundwater did not support any biological activity.

(2) Phenols were successfully degraded in all dilutions consisting of 33 percent or less core

area groundwater,

(3) Phenols and thiocyanate were successfully degraded with an inoculum consisting of site
soil in a dilution consisting of 10 percent core area groundwater and 90 percent

unimpacted site groundwater.

{4)  Ammonia was degraded biologically in dilutions consisting of up to 10 percent core area
groundwater. After re-inoculation of the test water with additional nitrifying
organisms ammonia was successfully degraded biologically in dilutions consisting of as

much as 33 percent core area groundwater.

(5) Ammonia degradation was inhibited or stopped completely as long as both phenol and
thiocyanate were present in the water for both site water mixes and synthetic control

mixes.

(6) For site water mixes, after phenol and thiocyanate degradation was complete, ammonia
degradation was either slower than in synthetic control mixes, or non-existent. This
suggests that the site water contains an unidentified compound or group of compounds

inhibitory to ammonia degradation. It also appears that an acclimation period is
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necessary to allow a significant population of nitrifying organisms to grow and then

degrade the ammonia in site water mixes.

The key conclusions of the aerobic bicremediation study were:

* Aerobic biodegradation is a feasible technology for the effective removal of phenol and

thiocyanate from WCP site groundwater.

* The effectiveness of the treatment relies significantly on the dilution of impacted
groundwater, and reliable ammonia degradation may be challenging to induce artificially
at the site. Therefore, the successful implementation of aerobic bioremediation may be

difficult, and the overall effectiveness of the system may be less than optimal.
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Letters Discussing Implementation
of Land Disposal Restrictions at MGP Sites



PIPER & MARBURY

L.L.P.
1200 NINETEENTH STREET, N.W.

WASHINGTON, D.C. 20036-2430 “N“E;”:‘:::
Wil liam R. Weissman 202-861-3900 PHILADELPHIA
202-861-3878 FAX: 202.223-2085 EASTON
FAX: 202-223-2085
wwexssman@plpermar com
MEMORANDUM

TO: USWAG Policy Committee PRIVILEGED &

USWAG Remediation Waste Committee CONFIDENTIAL

USWAG Low Volume Waste Committee
EEl Manufactured Gas Plant Subcommittee & Task Force

FROM: William R. Weissman W/

RE: EPA Issues Interpretive Letter to Facilitate Compliance with the Phase IV
RCRA Land Ban Requirements at MGP Remediation Sites

DATE: August 24, 1998

Late on Friday, August 21, EPA informed us that it was issuing an interpretive
letter to provide guidance to manufactured gas plant ("MGP") site managers on
compliance with the new Phase IV land ban restrictions ("LDR") applicable to MGP
remediation wastes and contaminated soils. As you know, the Phase IV rule extended
the LDRs to MGP wastes and soils that exhibit a hazardous characteristic when
generated. See 63 Fed. Reg. 28556, 28574-75 (May 26, 1998). The EPA interpretive
guidance responded to a USWAG letter to EPA dated May 11, 1998, that described a
range of MGP remediation scenarios. Two days later, a team of utility representatives
met with EPA staff to stress the importance of a flexible interpretation of the LDR rules
to avoid disrupting MGP remediations. EPA's detailed guidance letter is attached.

EPA's letter appears to meet our goal of a flexible interpretation of the LDR
requirements to minimize disruption to MGP site remediation strategies. Although
most portions of the letter refer to contaminated soils, the analysis applies equally to

The copy of the letter we received by fax on Friday contains a typographical errcr that
EPA plans to correct in the copy of the letter that will be mailed to us today. The mailed
copy will also contain several attachments. We will transmit the corrected letter and
attachments when we receive them to replace today's temporary version
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Piper & Marbury

L.L.P
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wastes subject to LDRs except that soils qualify for the less stringent alternative soils
treatment standards adopted in the Phase IV rule. 2 The critical assumption in the EPA
analysis is that companies remediating MGP sites will decharacterize any MGP waste
or soils that otherwise would require compliance with the RCRA hazardous waste
permit program.3 The major points in EPA's letter are:

« Consolidating MGP waste or soils may take place in an "area of contamination"”
("AOC") prior to generating the waste ( i.e., before it is removed from the land).
if, after consolidation, the waste or contaminated soil does not exhibit a
hazardous characteristic, the waste or soil has no further regulatory obligations
under the RCRA Subtitle C permit program. On the other hand, if the
consolidated waste or soil exhibits a characteristic, decharacterization may take
place after generation at the remediation site in a 90-day accumulation unit ( /e.,
tank, container, or containment building).

» If decharacterization occurs after generation, LDR requirements attach to the ~
waste or the soil and applicable LDR treatment standards ( /.e., universal
treatment standards ("UTS") for waste; 90% constituent concentration reduction
capped at 10 times UTS for soils) must be met prior to land disposal. The LDR
storage prohibition also applies to this waste until the applicable treatment
standards are met and the reporting and recordkeeping requirements of 40
C.F.R. § 268.9 must be satisfied.

« An exception to the foregoing point occurs when MGP waste or soils are going
to a coal-fired utility boiler ( i.e., a Bevill device), in which case the ash would not
be subject to LDRs prior to land disposal because the ash is a Bevill waste
exempt from LDRs and the decharacterized waste or soils would not be
regarded as a "prohibited waste" under the LDR program. However, there is a
one-time notice requirement that must be satisfied. See 40 C.F.R.

§ 268.7(a)(7). -

« Where LDRs have attached to decharacterized MGP waste, intermediate
management activities prior to ultimate treatment may raise issues of prohibited

2 |tis generally to a company's advantage if the excavated remediation waste meets the
definition of soil. See 40 C.F.R. § 268.2(k); 63 Fed. Reg. at 28620. However, mixing of
hazardous remediation waste with soil to reclassify the waste into soil is prohibited. /d. at
28621,

°  |f the waste is not decharacterized, it is subject both to LDRs as well as all other Subtitle
C requirements. On the other hand, if the waste did not exhibit a hazardous characteristic
when generated, neither the LDRs nor any other aspect of Subtitle C applies to the waste.
See id. at 28617-18.
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land disposal. EPA concludes that under current rules, management in tanks,
containers or containment buildings does not constitute land disposal. Since the
decharacterized waste is not a hazardous waste, these units need not comply
with hazardous waste permit or management standards.

» If such management activities for decharacterized waste take place in units that
are not tanks, containers or containment buildings, the regulatory agency
overseeing the remediation should make a site-specific determination whether
the placement of decharacterized MGP waste or soil constitutes land disposal.
To make that determination, EPA Regions or State agencies (1) must consider
the mandatory definition of land disposal in RCRA § 3004(k), (2) should
consider the relevant requirements for tanks, containers and containment
buildings, and (3) if these requirements are modified, should determine whether
the unit will prevent or control unacceptable releases of decharacterized soil and
hazardous constituents to the environment. This is not a zero release standard,
but a grant of discretionary authority to the overseeing regulatory agency to
determine in the context of its approval of the site remediation what constitutes
"unacceptable releases" and the adequacy of the management unit in
"controlling” releases.

The EPA letter also provides some valuable guidance on the scope of the
dilution prohibition in 40 C.F.R. § 268.3. While dilution is generally prohibited "as a
substitute for adequate treatment" to meet an LDR treatment standard, dilution for
other purposes is not necessarily prohibited. For example:

+ Mixing of MGP waste or soil with coal or other combustibles that renders it
nonhazardous prior to burning in a utility boiler is not impermissible dilution
because this mixing produces a physical change to the waste stream that
enhances its combustibility and thereby facilitates proper treatment.

~ « Mixing or other pre-treatment of MGP waste or soil necessary to facilitate proper
treatment (e.g., to prevent thermal desorption units from operating at
excessively high temperatures) is permissible.

« Mixing of MGP waste or soil that merely increases the volume of the waste to
lower constituent concentrations or releases excessive amounts of hazardous
constituents to air is impermissible dilution.

In sum. EPA's message on how to minimize the disruption of MGP remediations
Is clear:

» Use best efforts to ensure that any MGP waste or soils do not exhibit a
hazardous characteristic when generated ( /.e.. removed from the land) This
can be achieved by consolidating wastes of varying constituent concentrations
within the AOC.
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If decharacterization cannot be accomplished in the AOC, decharacterize any
hazardous waste on-site in a 90-day accumulation unit using materials that will
produce a chemical or physical change in the waste or will otherwise facilitate
the ultimate treatment or make the waste more amenable to the particular
treatment technology. While LDRs may attach to this waste (unless it is
destined for co-burning in a Bevill device), decharacterization will effectively
remove any further Subtitle C regulatory obligations.

If the waste has been decharacterized but remains subject to LDR
requirements, intermediate management steps prior to compliance with
applicable LDR treatment standards may not involve "land disposal" as defined
by RCRA § 3004(k), meaning that the management unit should be a tank,
container, containment building, or some other unit that the overseeing
regulatory agency is satisfied "will prevent or control unacceptable releases of
decharacterized contaminated soil and hazardous constituents to the
environment."”

If you have any questions or comments on the EPA letter, please call Bill

Weissman (202-861-3878) (E-Mail: wweissman@pipermar.com). Please keep in mind
that today is the effective date of the LDRs for MGP wastes.

Attachment
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Nl G UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

- i WASHINGTON, D.C. 20460
m«f* AG 21 998

fyye - OFFKCE OF
William R. Weissman SOLIO WASTE AND EMERGENCY
Piper & Marbury L.L.P. RESPONSE

1200 Nineteenth Street, N.W.
Washington, D.C. 20036-2430

Dear Mr. Weissman:

Thank you for your letter of May 11. 1998 and for meeting with us to discuss the Uulity
Solid Waste Activities Group’s (USWAG’s), Edison Electric Institute’s (EEI’s) and the
American Gas Association’s (AGA’s) concerns regarding the effects the land disposal
restrictions (LDR) treatment standards published on May 26, 1998 may have on cleanup of
manufactured gas plant sites. Like you. we are interested in encouraging and facilitating cleanup
of manufactured gas plant sites in a way that is both efficient. economical and protective of
human health and the environment. Before addressing the specific concerns raised in vour letter.
we will review some of the general principles that govern application of RCRA to contaminated
soil.

As vou know, contaminated soil, of itself, 1s not hazardous waste and, generally. is not
subject to regulation under RCRA. Contaminated soil can become subject to regulation under
RCRA if the soil “contains™ hazardous waste. EPA generally considers contamninated soil to
contain hazardous waste: (1) when soil exhibits a characteristic of hazardous waste; and. (2)
when soil 1s contaminated with hazardous constituents from listed hazardous waste above certain
concentrations. 63 FR at 28617 (May 26. 1998).

If contaminated soil contains hazardous waste, then it is subject to all applicable RCRA
requirements until the soil no longer contains hazardous waste (i.e.. untl the soil is
decharacterized or, in the case of soil containing listed hazardous waste, until EPA or an
authorized state determines that the soil no longer contains listed hazardous waste). In some
circumstances, soil that no longer contains hazardous waste, while generally not subject to
RCRA requirements, will remain subject to the land disposal restrictions. See 63 FR at 28618
(May 26. 1998) and other sources cited therein. This may be the case if contaminated soil from
manufactured gas plants exhibits a hazardous characteristic when first generated (1.e.. when first
rermoved from the land) and 15 subsequently decharacterized. Note that if contaminated sotl from
manufactured gas plant sites does not exhibit a charactenstic of hazardous waste or contain listed
hazardous waste when first generated (1.e.. when first removed from the land). then the soil is not
subject 1o any RCRA requirements. including the land disposal restrictions. 63 FR 28618 (May



26.1998).

We understand that at some manufactured gas plant cleanup sites, soil is consolidated
within an area of contamination prior to being removed from the land (i.e.. generated). This
practice. and the area of contamination policy generally, is not affected by the May 26. 1998
rulemaking. Contaminated soil may be consolidated within an area of contamination before it is
removed from the land (i.e., generated); the determination as to whether the soil exhibits a
characteristic of hazardous waste or contains listed hazardous waste may be made after such
consolidation. The Agency’s most recent guidance on the area of contamination policy is
enclosed for your information.

We understand from our discussions that your concemns center around management of
contaminated soil that exhibited a characteristic of hazardous waste when first generated but has
subsequently been decharacterized. We will address two questions in this letter: (1) what are the
Agency’s rules and policies concerning land disposal of decharacterized wastes, including
decharacterized contaminated soil and (2) when decharacterized contaminated soil remains
subject to the land disposal restrictions, what requirements apply prior to land disposal.

1. What are the Agency’s rules and policies concerning land disposal of
decharacterized wastes, including decharacterized contaminated soil?

Decharacterized waste (and decharacterized contaminated soil) is not hazardous waste.
and is generally not subject to the Subtitle C regulations. Nonetheless. as you are aware, under
certain curcumstances decharacterized wasies (and decharacterized contaminated soiis) remain
subject to LDR treatument requirements. See generally, Chemical Waste Management v. EPA.
976 F.2d 2, 13-14 (D.C. Cir. 1992).

When decharacterized wastes (and decharacterized contaminated soils) remain subject to
LDR weatment requirements (i.c.. as explained above, when the soils exhibit a hazardous waste
characteristic when removed from the land) they must meet applicable LDR treatment standards
prior to land disposal. before they can be land disposed, (i.e., before they can be placed in a land
disposal unit). RCRA 3004(k) defines land disposal to include. but not be limited to. any
placement in a landfill. surface impoundment, waste pile, injection well. land treatment facility,
salt dome formation, salt bed formation, or underground mine or cave. Furthermore. EPA has
found, in other contexts. that open pits. flat or low walled concrete pads that do not effectively

"The exception to this general rule is soil contaminated by listed hazardous waste when the listed hazardous
waste is land disposed after the effective date of applicable LDR treatment requirements without meeting such applicabte
requirements. [n this case, the contaminated soil would be subject 1o land disposal restriction treatment requirements
regardless of whether it “contained™ hazardous waste when first removed from the land unless there is 2 finding that
hazardous constituent levels are sufficiently [ow so that threats 10 human health and the environment posed by land
disposal of the soil are minimized. See 63 FR at 28618 (May 26, 1998). As we understand the conditions at most
manufactured 2as plant clcanup sites, we believe this case will seldom be presented during manufactured eas plant
cleanups because soil at manufacturcd gas plant sites is not typically contaminated by listed hazardous waste.
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contain hazardous wastes and hazardous constituents may constitute land disposal. See the
enclosed letter from Sylvia Lowrance, U.S. EPA to Richard Wasserstrom dated October 29.
1992. However, EPA’s longstanding view is that placement 1n tanks. containers. and
containment buildings is not land disposal. See. e.g., 57 FR 37211 (August 18. 1992)
(establishing standards for containment buildings). EPA has established design and operating
requirements for tanks. containers and containment buildings used to treat and store hazardous
waste. Clearly, units used for treatment or storage of decharacterized contammated soil which
meet these requirements would not be considered land disposal units and may be used to treat or
store decharacterized contaminated soil without the approval of EPA or an authorized state.
However. since decharacterized contaminated soil is no longer subject to regulation as hazardous
waste (except, potentially, for land disposal treatment requirements), treatment and storage units
used to manage decharacterized contaminated soil are not hazardous waste management units
and do not have to be designed or operated in accordance with RCRA Subtitle C hazardous waste
regulations or receive hazardous waste permits. If decharacterized contaminated soil will be
treated or stored in a unit which is not a tank. container, or containment building, EPA or an
authorized state should make a site-specific determination as to whether or not placement of
decharacterized contaminated soil in the unit constitutes land disposal. In making such
determinations. in addition to the mandatory consideration of the definition of land disposal in
section 3004(k), EPA will consider (and recommends that authorized states similarly consider)
the relevant requirements established by the Agency for tanks, containers, and containment
buildings and, if these requirements are modified, whether the treatment or storage unit will
prevent or control unacceptable releases of decharacterized contaminated soil and hazardous
constituents to the environment. These determinations should be made in the context of vour on-
going MGP site cleanups and should be includea in the public notices which are tvpically part of
cleanup processes. We recognize that determinations about containment units will likely be
made predominantly by authorized states and that due to site- and waste-specific vanability
containment units will have to accommodate the vanety of conditions that may be presented
during cleanup of MGP sites.

2. When decharacterized contaminated soil remains subject to the land disposal
restrictions, what requirements apply prior to land disposal ?

When decharacterized contaminated soil remains subject to the land disposal restrictions.
three tvpes of requirements apply. First, the soil must be treated to meet applicable land disposal
treatment standards prior to land disposal. Second. as discussed above. pror to land disposat the
soil must be treated or stored in an appropriate type of unit (1.e., a unit that is not a iand disposal
unit). Third, to ensure that applicable land disposal treatment standards are met, certain tracking,
paperwork and other requirements must be met.

(a) Treatment to meet applicable land disposal treatment standards. As just noted
above, like anyv other material subject to the land disposal restnctions. decharacterized soils from
MGP cleanup sites must be treated to meet applicable land disposal restriction treatment
standards prior to land disposal. In the case of contaminated soils subject to the land disposal
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restrictions. generators may choose between meeting the universal treatment standard for the
contaminating hazardous waste or meeting the alternative soil treatment standards. For
decharacterized contaminated soils. meeting the universal treatment standard for the
contaminating hazardous waste would require treatment of the formerly characteristic constituent
and all underlying hazardous constituents to the universal treatment standards. Meeting the
alternative soil treatment standards would require treatment of the formerly charactenstic
constituent and all underlying hazardous constituents to reduce constituent concentrations by 90
percent or to achieve ten times the universal treatment standard. Note that. as with any other
material subject to the land disposal restrictions. contaminated soil may qualify for treatment
variances under certain circumstances, see 40 CFR 268.44.

(b) Storage and treatment prior to land disposal. As discussed above, although
decharacterized contaminated soil is not hazardous waste and, generally, is therefore not subject
to RCRA Subtitle C requirements, because 1t remains subject to the land disposal restrictions, 1t
must be stored and treated in appropriate units (i.e., units that are not land disposal units) until
treatment standards are met.

(c)Tracking, paperwork and other requirements. If decharacterized contaminated soil
is stored, the storage prohibition of RCRA 3004(j) generally applies. This means that the
decharacterized contaminated soil can only be stored for the purpose of accumulating necessary
quantities of hazardous wastes to facilitate proper recovery, treatment, or disposal. See 40 CFR
268.50.

For dechuracienzed contaminated soil. the reporting and record keeping requirements of
40 CFR 268.9 apply. For example, if characteristic soil from an MGP cleanup is decharacterized
at the site where it was generated, then sent off-site for further treatment to achieve LDR
standards in a thermal desorption unit, the generator of the contaminated soil must complete a
one-time notification and certification. The one-time notification and certification provides a
description of the soil as initially generated. including applicable hazardous waste codes,
treatability groups, and underlying hazardous constituents. It also provides information about the
facility which will receive, and treat, the decharacterized soil. Thus, in this example the
generator of the contaminated soil would identify the facility operating the thermal desorption
unit. A copy of the one time notification and certification must be placed in the generator's files
and sent 1o the appropriate EPA region or authorized state. These requirements create a tracking
system so EPA and authorized states can determine that materials subject to the land disposal
restrictions arrive at the right place and are appropriately treated prior to land disposal.

Furthermore, the dilution prohibition of 40 CFR 268.3 applies to the decharacternized
contaminated soil until applicable LDR treatment standards are achieved. As you are aware,
ditution is normally prohibited as a means of achieving the LDR treatment standards, including
for charactenstic (and decharactenized) wastes. See Chemical Waste Management v. EPA, 976
F.2d 2.15-19(D.C. Cir. 1992).




We understand that often decharacterized contaminated soils from MGP cleanup sites are
returned to the utilitv’s power plant and mixed with coal or other combustibles prior to buming
in a utility boiler. The Agency does not consider this process a form of impermissible dilution.
Mixing MGP waste with coal or other combustibles resuits in a physical change to the waste
stream that makes the waste more amenable to combustion (which. in addition to being a type of
energy recovery, is a form of treatment that destroys or removes the hazardous constituents). and
thus facilitates proper treatment.

In addition to mixing with coal or other combustibles. other tvpes of mixing or treatment
of decharacterized contaminated soil may be permissible prior to final treatment. provided that
these processes produce chemical or physical changes and do not merely (1) dilute the hazardous
constituents into a larger volume of waste so as to lower the constituent concentration or (2)
release excessive amounts of hazardous constituents to the air. If mixing or other pre-treatment
is necessary to facilitate proper treatment (e.g., destruction or removal, such as buning 1n a
boiler) in meeting the treatment standards then dilution is permissible. See 51 FR 40592
(November 7, 1986) and 53 FR 30911 (August 16, 1988).

Note that. in some instances. burning decharacterized contaminated soil mixed with coal
in a utility boiler may implicate the Bevill amendment. As vou are aware. EPA’s position is that
wastes which are covered by the Bevill amendment are not subject to LDR requirements. 40
CFR 268.1(b). see also Horsehead Resource Development Co. v. Browner, 16 F. 3d 1246, 1260-
61 (D.C. Cir. 1994 ) (upholding EPA’s position). Consequently. if decharacterized contaminated
soil 15 burned in utility boilers along with coal and the resulting combustion ash is within the
scope of the Bevill amendment, LDR standards do not have to be met for that ash, nor would the
decharacterized contaminated soils be considered to be a prohibited waste. In this case, the only
reporting and recordkeeping requirement required is a one-time notice kept in the facility’s
records. See 40 CFR 268.7 (a)(7).

We appreciate your patience with the Agency in responding to your concemns. If you
need further assistance, please contact Rita Chow of my staff at (703) 508-6158.

Smccrcly
ﬁﬂ / " L/”V/‘L( ~

_ 4//
/ ,Elébéth A. Cotswonh

Acting Director
Office of Solid Waste

Enclosure (2)
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SUBJECT:  Use of the Area of Comtamination (AOC) Concept During RCRA Cleanups
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mmmmmm certain broad areas of ™
contamination (AOCs) may W'considered RCRA landfilly. "Under Certain conditions, hazardous
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minimum technology requigements, This memorandum also describes the distinctions between- ~
the final Corrective Action Managamant Unit(CAMU) reguiations and the Area of
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remedial actions.
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Ares of Contamination Approach =~ . ‘ - ¥
A . s .

_ . The area of contamination concept was discussed in dewil in the preambie to the National

Contingency Plan (55 ER 8758-8760, Mirch 8, 1990). In this discussion, EPA clarified that
certain discrete areas of genseaily dispersed contamination (called "aieins of contamination” or
"AOCs™) could be cquated to 2 RCRA {andfilland that movement of hamardous wastes within
those areas would not be considered land disposal 2nd would not Tigger the RCRA land disposal
restrictions. The NCP also discursses using the concept of "placement” to determine which
requirements might apply within an AQC. The concepr of "piacemient” is important because
placement of bazardous waste into a landfill or other land based unit is considered land disposal,
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which riggers the land disposal restrictions, and may tigger other RCRA requirements including
permitting (at a non-CERCLA site), closure and post-closure. [n the NCP, EPA stated,
"piacement does not occur when waste is consolidated within an AOC, when it is treated in sin,
or when it is left in place.” Placement does occur, and additional RCRA requirements may be
triggered, when wastes are moved from one AOC to another (e.g., for consolidation) or when
waste (s actively managed (e.g., treated ex siru) within or outside the AOC and returned to the
land. Additional information on when placement does and does not occur is provided in the
artached guidance document, Derermining When Land Disposal Restrictions (LDRs) Are
Applicable to CERCLA Response Actions, OSWER Dircctive 9347.3-05FS, July 1989.

Although the AOC concept was initiaily discussed in the context of the CERCLA
program, it applies equally to RCRA corrective action sites, cleanups under state law, and
voluntary cleanups'. For additional information on the AOC concep, see, for example, the
October 9, 1990 memorandum from Sylvia Lowrance to David Ullrich, "Replacement of
Contaminated Soil and Debris Treated under a Treatability Variance,” the January 7, 1991 letter
from Don Clay to Richard Stoll, and the June 11, 1992 letter from Sylvia Lowrance to Dopglas
Green (attached). .

The interpretations of landfill, placement and the ares of contaminstion concept discussed
in the NCP preamble were reiterated by EPA in the 1990 subpart S proposal (55 ER 30798, July
27, 1990). In the 1990 proposal, EPA tetmed AOCs at RCRA facilities "Corrective Action
Management Units” or "CAMUs.” Although the name was changed, from AOC to CAMU, the
CAMU concept discussed in the 1990 proposal was equivalent to the AOC concept (although, as
discussed below, the CAMU concept was broadened when the final CAMU rule was issued). In
response to great interest in the CAMU/AOC councept as discussed in the {990 proposal, EPA
issued a fact sheet titled Use of the Corrective Action Management Unir Concept in August 1992
(attached). In the August, 1992 fact sheet, EPA further reiteratad the AOC comcept by explaining
that broad areas of contamination, including specific subunits®, could be considered landfills
under the RCRA reguistions snd discussed activities which would or would not wigger
addmonalRCRAreqmmwhcacondnaédmamhm

The dmmsofdnADCWmanCPprmbk. 1990subpmSpmposaLand :
thcAugust. 1992 fact sheet continue to refiect EPA's interpretation of current stanrtory and

regulatory provisions. They remain useful guidance documents whea the AOC approach is

1 Although advance spproval st the Pederal level is oot required for privase parties to tale advantage of the AOC
concept, we encouraps them to coasuit with the spproprists apmicy t0 easure they implsmnt the AOC concept
appropristely. [t should be noted thet the aganey respousibie for detwrmining that the AOC coasept is being property
applied might 0ot be the sune s the sgeacy oversesing cicanop st & site.  Additiossily, stems mey bave more srngent
standards which require coasultation and/or prioe spproval of m AOC.

zmammmmmmwmmom.mm-mcmmm.
RCRA permst modificstion or a change under RCRA interiro stans.
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uader consideration at RCRA corrective action sites. Superfund sites and during other cleanup
actions involving the movement or consolidation of hazardous waste, or media and debris
contaminated with hazardous waste.

Relationship of the AOC Concept to the Final CAMU Rules

On February 16, 1993, EPA published final Corrective Action Management Unit
regulations (58 ER 8658, February 16, 1993). The final CAMU rule differs from the AOC
approach in important respects. First, the CAMU regulations create 2 new type of RCRA unit - a
“Corrective Action Management Unit® o5 SCAMU." CAMUS are distinct from the type of units
listed in RCRA Section 3004(k)’. Second, only EPA and authorized states may choose to
designate CAMUsS for management of remediation waste during RCRA corrective action and
other cleanups. Third, the CAMU regulstions expanded the flexibility available for management
of remediation wastes beyond that offered by the AOC approsch. Under the CAMU regulations,
certain activities which would nornally be considered placement are allowed when carried out in
an agency-approved CAMU, including: remedistion waste' may be removed from a CAMU and
replaced (before or after treatment) in the same or a different CAMU; remediation waste may be
conwhdmcdmoaCAWbefomwaﬁumemand,memmbemoved
(again, before or after trearment) between two or more.CAMUs & the same facility.

o’

Ed v

thetheCAMUmpththeﬁmlCAMUmbmhmmauym
outgrowth of the AOC concept, it has & separate statutory and-reguistory besis; therefore, it
supplements rather than supersedes the-WOC-toncept. The AOC concept was not altered when
thcﬁnalCAWndawuepwmdmamd'ﬁdoamdepdmthemoftheCAMU
rule. .

As you may be sware, seversl pasties challenged tha CAMU rule: The lawsuit has been -
stayed pending prommuigation of thefinmk Hamrdous Wiaste Idmﬁmknlc’forcomannnmd
media ("HWIR-Media”). ACthe thne qmmzmmd‘mmem«mm )
was expected to replice « subletibtial pocton OF the CAMU rule; however, as long as the CAMU
nﬂemmeﬁe&.CAﬂf;mbeﬁcﬂMManduRm -
CERCLA, and state clesnup authorities. 1f a CAMU is under censideration, we recommend you
take the following steps, in sédition: to the CAMU spproval steps required 4t 40 CFR § 264.552:

3 RCRA Section 3004(k) definas the verrs land disposel, when wsed with respest 10 & specified hazardouy waste,
mmmphmdﬂmmntm,wm_ﬂgmﬂum
fwluy,saltdomm:dbdh_u.wmmcm _

‘Rmmmuw;‘ﬂnﬂd&whmdﬂmﬁ(mm
surface watex, soils, and sediments) snd debria, which costaia listed hazardous wasses of which themscives exhibit 2
hadmmdumﬂ.nw‘h&md“mmwmw
CFR § 264.101 and RCRA secton J00WEY. . For & given' ficility, remediztion wases may originees caly from withia the
facility boundary, but may inclede wams managed in implementing RCRA sections 3004(v) or 3008() for relexzes
beyond the facility boundary.
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I expiain the potenual risks associated with CAMU:S to facility owner/operators by informing
them that the CAMU rule has been challenged and that EPA may issue a proposal to withdraw it
2) where possible. mitigate potential risks associated with CAMUSs by. for example.
:mpiementing 2 CAMU remedy within the shortest possible time frame: and 3) document ail
CAMU decisions completely. emphasizing how the CAMU provides support for the best site-
specific remedy.

Continued Use of the AOC Concept

Both AOCs and CAMUs can be used to expedite effective and protective remedial
actions; however, EPA encourages the use of the AOC concept in cases where the additional
flexibility provided in the final CAMU regulations is not needed. For exampie, the AOC concept
is particularly useful for consolidation of contiguous units or arcas of contaminated so1l. Using
the AOC concept, a RCRA facility owner/operator with a large contiguous area of soil
contamination could consolidate such soils into a single area or engineered unit within an AOC
without triggering the RCRA land disposal restrictions or minimum technology requirements.
Use of the AOC concept wouid not be affected by the pending litigation over CAMU or any
changes in the CAMU rule. In addition, please note, the AOC and CAMU concepts only address
management of materials which would otherwise be subject to RCRA (i.e., hazardous wastes, or
media and debris contaminated with hazardous waste). RCRA reguiated materials are a subset of

the materials managed during site cleanups.

We know you will continue to use the AOC and CAMU concepts to support appropriate
remedies and to expedite cleanup processes. If you bave any questions regarding the AOC or
CAMU concepts. please contact Elizabeth McManus, Hugh Davis or Robin Anderson at (703)
308-8657, (703) 308-8633, and (703) 603-8747, respectively.
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RCRA Regional Division Directors ™
Superf